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ABSTRACT 
Effect of brassinosteroids on the cadmium induced changes in 
Lycopersicon esculentum 
SYED AIMAN HASAN 
Abstract of the thesis, submitted to Aligarh Muslim University, Aligarh, India, 
for the degree of Doctor of Philosophy in Botany, 200^. 
Six pot experiments were conducted, during 2006-2008 to find out degree of 
tolerance to cadmium among ten tomato varieties {Lycopersicon esculentum) i.e. K-
25, K-21, NTS-9, Kaveri, NBR-Uday, Swamodya, Sarvodya, NBR-Uttam, Malti and 
S-22 and to find out one of the most resistant and most sensitive variety. Moreover, 
the response of tomato varieties towards two brassinosteroid analogues 28-
homobrassinolide (HBL) and 24-epibrssinolide (EEL) were also studied. These 
brassinosteroids analogues were supplemented through two different modes (a) spray 
to the foliage, (b) percolation through root, to find out suitable mode of application. 
The silent features in each of the seven experiments are mentioned below. 
Experiment 1 
The surface sterilized seeds of tomato {Lycopersicon esculentum) varieties 
K-25, K-21, NTS-9, Kaveri, NBR-Uday, Swamodya, Sarvodya, NBR-Uttam, Malti, 
and S-22 were soaked in double distilled water (DDW), 50, 100 or 150 ^M CdCb for 
0, 4, 8 or 12 hours. The treated seeds were sown in earthen pots filled with sandy 
loam soil and farmyard manure mixed in a ratio of 9:1 to create the nursery. Twenty 
days after sowing (DAS) these treated seedlings were subsequently transplanted to the 
maintained pots. The plant samples were collected at 30 DAS to assess growth, 
photosynthetic attributes, SPAD chlorophyll, leaf water potential, activity of nitrate 
reductase and carbonic anhydrase, proline content and antioxidant enzymes. All the 
varieties exhibited significantly different response to the different metal concentration 
as well as duration of soaking. The variety S-22 could not survive in the presence of 
any of the concentration of metal. The varieties Sarvodya, NBR-Uttam, and Malti 
suffered a severe damage. The varieties Kaveri, NBR-Uday and Swamodya were 
moderately affected by the cadmium and could not resist the pre-sowing soaking in 
150 ^M of CdCl2 for 12 hours. The varieties K-25, K-21 and NTS-9 showed the 
maximum resistance to cadmium. All the above parameters except antioxidant 
enzymes and proline content, showed significant decrease in response to the cadmiimi 
treatment. However, cadmium treatment resulted in a significant increase in the 
antioxidant enzymes and proline content, their values increased with the increasing 
concentration of metal as well as duration of soaking. 
Experiment 2 
The surface sterilized seeds of tomato {Lycopersicon esculentum) varieties K-25 
(resistant) and Sarvodya (sensitive) were soaked in DDW or 100 ^M CdCl2 for 0 or 8 
hours that were selected on the basis of the first experiment. The treated seeds were 
sown in earthen pots filled with sandy loam soil and farmyard manure mixed in a ratio 
of 9:1 to create the nursery. At 20 DAS these treated seedling were subsequently 
transplanted to the maintained pots. The foliage of fifty nine day old plants was 
sprayed with DDW/aqueous solution of 10"^  M of 28-homobrassinolide (HBL) or 24-
epibrassinolide (EEL). The samples were collected at 60 and 90 DAS. The parameters 
studied were the same as in Experiment 1. The rest of the plants were allowed to grow 
to maturity and were harvested at 180 DAS to study the number of fruits per plants, 
fruit yield per plant and lycopene, P-carotene and ascorbic acid content in fi^it. Both 
the varieties showed significantly different response to the treatment. All the 
parameters studied increased as the growth progressed from 60 to 90 DAS. The values 
for most of the parameters decreased in the plants given pre sowing seed soaking in 
cadmium, except that of activity of antioxidative enzymes and proline content at the 
level of leaf and ascorbic acid content of fruit. The followup treatment of either of the 
brassinosteroid analogues (HBL/EBL) significantly neutralized the ill effect of 
cadmium in both the varieties but more effectively in K-25 than in Sarvodya. The 
level of proline and the activity of antioxidative enzymes increased in response to 
both metal as well as hormone treatment. The variety K-25 showed higher 
antioxidative enzyme activity and proline content than Sarvodya representing its 
resistant nature. Out of the two brassinosteroid analogues (HBL/EBL), EBL was more 
effective than HBL. 
Experiment 3 
The surface sterilized seeds of tomato (Lycopersicon esculentum) variety K-25 
(resistant) and Sarvodya (sensitive) were soaked in DDW or 100 fiM CdCl2 for 0 or 8 
h that were selected on the basis of first experiment. These treated seeds were sown in 
earthen pots filled with sandy loam soil or farmyard mixed in a ratio of 9:1 to create 
the nursery. At 20 DAS these treated seedling were percolated with DDW or 10" M of 
HBL or EBL through their roots for 15 min at the time of their transplantation at a 
rate of 20 cm'' per seedling. These treated seedlings were subsequently transplanted to 
the maintained pots. The samples were collected at 60, 90 and 180 DAS to asses the 
parameters studied in experiment 2. The plants obtained from the seeds given pre 
sowing seed soaking treatment in cadmium possessed significantly reduced growth, 
net photosynthetic rate, stomatal conductance, water use efficiency, internal CO2 
concentration, transpiration rate, leaf water potential, SPAD chlorophyll value, 
activity of nitrate reductase and carbonic anhydrase enzyme. The degree of damage 
caused by metal was more pronounced at the early stage of growth (60 DAS) than at 
later stage. The dipping of root in hormone effectively neutralized the adverse effect 
of metal in stressed plants. Variety K-25 was foimd to be more responsive towards 
hormone than Sarvodya. The activity of antioxidants and the content of proline were 
significantly higher in the leaves of stressed plants of both the varieties and the follow 
up treatment with HBL/EBL increased it further. EBL excelled in its effect over HBL. 
All the yield attributes i.e. number of fruits per plant, fruit yield per plant and the 
lycopene and (5-carotene content in the fruits exhibited a similar response as that of 
growth. However, ascorbic acid content of fruit exhibited a trend which was converse 
to that of all other parameters explained earlier. 
Experiment 4 
The surface sterilized seeds of tomato {Lycopersicon esculentum) varieties K-
25, K-21, NTS-9, Kaveri, NBR-Uday, Swamodya, Sarvodya, NBR-Uttam, Maiti and 
S-22 were sown in earthen pots containing 0, 3, 6, 9 or 12 mg CdCl2 kg"' soil. These 
earthen pots were filled with sandy loam soil and farmyard manure mixed in a ratio of 
9:1 to create the nursery. At 20 DAS these treated seedling were subsequently 
transplanted to the maintained pots. The plant samples were collected at 30 DAS. The 
parameters studied were the same as in Experiment 1. All the varieties showed 
significantly different response to different concentrations of metal. The varieties K-
25, K-21 and NTS-9 exhibited minimum decrease in response to different Cadmium 
levels. The highest level 12 mg kg"' was the most toxic. The varieties K-25, K-21 and 
NTS-9 show slightly resistance against higher level of metal. The varieties Kaveri, 
NBR-Uday and Swamodya were moderately affected by this level of the metal. 
However, Sarvodya experienced severe damage at this level. Among others, NBR-
Uttam and Malti could not germinate. Moreover, S-22 was most sensitive against 
metal stress and could not survive in the soil amended with 6 mg kg"'. All the 
parameters except antioxidant enzymatic activity and proline content in all the 
varieties showed a linear decrease as the level of the metal in the soil increased (3, 6, 
9 or 12 mg kg" soil). Among all the varieties, K-25 possessed maximum antioxidative 
enzyme activity and that of proline content at all the level of metal contamination and 
Sarvodya possessed minimum values for these parameters representing its sensitive 
nature towards the metal stress. 
Experiment 5 
The surface sterilized seeds of tomato (Lycopersicon esculentum) varieties K-25 
(resistant) and Sarvodya (sensitive) were selected on the basis of fourth experiment 
were sown in earthen pots containing 0, 3, 6, 9 or 12 mg CdCli kg"' soil. These 
earthen pots were filled with sandy loam soil and farmyard manure mixed in a ratio of 
9:1 to create the nursery. At 20 DAS the treated seedling were subsequently 
transplanted to the maintained pots. The foliage of fifty nine day old plants was 
sprayed with DDW/aqueous solution of 10' M of 28-homobrassinolide (HBL) and 24-
epibrassinolide (EEL). The plant samples were collected at 60, 90 and 180 DAS to 
study the characteristics studied in experiment 2. All the parameters of both the 
varieties (K-25 and Sarvodya) increased with the progress of the plant age. The 
treatment with cadmium generated a decline in the values of most of the parameters in 
proportion to the concentration of metal except those of proline content and 
antioxidative enzymatic activity at the level of leaves, and ascorbic acid content in 
fruit. Sarvodya experienced comparatively greater damage at all the metal 
concentration than K-25. However, the treatment with HBL or EBL alone or as a 
follow up treatment improved these attributes in the plants of both the varieties and 
also neutralized the damaging effect of the metal, more effectively in K-25 than 
Sarvodya. The damage caused by the lower two concentration of metal (3 and 6 mg 
kg" soil) in most of the parameters was completely neutralized by the brassinosteroids 
spray in K-25 and partially in Sarvodya. The activity of antioxidants and proline 
content in both the varieties increased with the increased level of metal in soil and the 
follow-up treatment with either of the brassinosteroid analogues had an additive effect 
in their enhancement. Variety K-25 possessed higher values for these attributes in 
response to all the treatment than Sarvodya. EBL was a better promoter than HBL. 
Experiment 6 
The surface sterilized seeds of tomato (Lycopersicon esculentum) varieties K-25 
(resistant) and Sarvodya (sensitive) were sown in earthen pots containing 0, 3, 6, 9 or 
12 mg kg'' soil. These earthen pots were filled with sandy loam soil and farmyard 
manure mixed in a ratio of 9:1 to create the nursery. At 20 DAS the treated seedling 
were percolated with DDW or lO'^ M of HBL or EBL through their roots for 15 min at 
the time of their transplantation at a rate of 20 cm^ per seedlings. These treated 
seedlings were subsequently transplanted to the maintained pots. The samples were 
collected at 60, 90 and 180 DAS to study the characteristics studied in experiment 2. 
The plants raised in the soil contaminated with metal showed significant reduction in 
most of the parameter studied except antioxidative enzyme activity and proline 
content, the decrease was proportionate to the concentration of metal in the soil. The 
degree of damage caused by the metal was more pronounced at the early stage of 
growth than at the later stage. The dipping of roots in either of the brassinosteroid 
analogues effectively nullified ill effect of the metal more effectively in K-25 than in 
Sarvodya. Stress generated by the lowest level of metal was completely neutralized by 
the hormone treatment but partially at highest level. The seedling of the plants grown 
in metal amended soil showed significant increase in the activity of antioxidant 
enzymes and proline content at the same rate as the concentration of the metal in the 
soil increased. However, the application of HBL or EBL caused further increase in its 
activity, and thus plants received the highest metal level and also received hormone 
treatment possessed maximum values for these attributes in both the varieties. K-25 
possessed greater values than Sarvodya in response to all the treatments. EBL 
generate better response than HBL. 
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INTRODUCTION 
Lycopersicon esculentum is the member of the family Solanaceae. A small 
genus of amiual or short lived perermial herbs, indigenous to the western regions of 
tropical South America. One species Lycopersicon esculentum is widely cultivated 
throughout the world. In India, tomatoes can be grown nearly throughout the year. 
Favourable climate conditions are available in one or another part of the country. 
Tomato plants are perennial dicot, typically reaching to 1.3 metres (3-10 ft) in 
height, it has a weak woody stem that often vines over other plants. The leaves are 10-
25 centimeters (4 to 10 inch) long, odd pinnates, with 5-9 leaflets on petioles, each 
leaflet is up to 8 centimetres (3 inch) long, with a serrated margin; both the stem and 
leaves possess granular hairs. The flower are 1-2 centimetres (0.4-0.8 inch) across, 
yellow with five pointed lobes on the corolla, they are homed in a cyme of 3-12 
flowers together. Tomato fruit is classified as a berry. As a true fruit, it develops from 
the ovary of the plants after fertilization, its flesh is comprising of the pericarp walls. 
Fruits contain hollow spaces ftill of seeds and moisture, called locular cavities. Fruits 
show slight variations, among cultivated species, according to type. The seeds need to 
come from a mature fruit, and be dried/fermented before germination. 
The tomato is now grown worldwide for its edible fruits, with thousands of 
cultivars having been selected with varying fruit types and for optimum growth in 
differing growing conditions. The tomato plant requires a warm growing season with 
plenty of sunshine and adequate moisture. It does not tolerate frost. It can be 
cultivated imder irrigation in arid tropics, but hot and dry or hot and humid months 
that do not favour its growth. High humidity with high temperature renders the plants 
susceptibility to foliage diseases. For the proper development of colour in the fruit, 
warm sunny days and moderately cool nights are necessary. As in most sectors of 
agriculture, there is increasing demand in developed and/or developing country for 
tomato. According to FAOSTAT, 125 million tons of tomato was produced in the 
world in 2005. China being the largest producer, accounted for about one quarter of 
the global output followed by United States 11.0 million tons, Turkey 2.7 million tons 
and India 7.6 million tons. 
The chemical composition of tomato varies with variety and stage of harvest. 
The pulp constitutes 85.4% of the whole fruit and contains 6-7% total solids. The 
principal organic acid present in the tomato fruit is citric acid but maleic acid also 
occurs in appreciable amounts. Carotenoids, p-carotene and lycopene constitute the 
chief colouring matter of tomato; their concentration in the fruit varies widely with 
variety and the stage of ripeness. 
Tomatoes are now eaten freely throughout the world, and their consumption is 
believed to benefit the heart among other things. They contain lycopene, one of the 
most powerful natural antioxidants, which especially in the cooked tomatoes helps to 
prevent prostate cancer. Lycopene has also been shown to improve skin's ability to 
protect against harmful UV rays. Moreover, tomato is also used as tomato sauce, 
tomato soup, tomato juice. Unripe green tomato can also be breaded and fried to make 
salsa or pickled. Cadmium (Cd) is one of the most important heavy metal in term of 
food chain contaminants. Although Cd is not essential for plant growth (Sanita di 
Toppi and Gabbrielli, 1999) but due to its high solubility nature (Pinto et al., 2004) it 
is readily taken up and accumulated in trace quantities in plants (Amani, 2008), 
therefore, poses potential damage to the plants resulting in a serious health issue. 
About 70% of the Cd intake by human originate from plant food (Wagner, 1993). 
Concentration of Cd in uncontaminated soil is usually below 0.5 mg kg"'of soil but 
can reach upto 3 mg kg"' of soil depending on the soil material (Schachtschabel et al, 
1984). The presence of excessive amount of Cd in soil causes many toxic symptoms 
to plants such as it alters water balance (Barcelo and Poschenrieder, 1990), disturbed 
nutrient balance and carbohydrate metabolism (Moya et al, 1993; Hernandez et al, 
1996). Cd reduces ATPase activity of plasmalemma fraction (Astolfi et o/., 2004) 
alters lipid composition (Balakhnina et al, 2005; Gomes-Jonior, 2006) decreases 
normal HVK'*" exchange (Obata, 1996). Cadmium toxicity shows deleterious effect on 
photosynthetic processes such as biosynthesis of chlorophyll (Singh and Tiwari 2003; 
Wang and Zhou, 2006; Lea et al, 2007) transpiration and respiration processes 
(Hasan et al, 2008), chlorophyll content (Hayat et al, 2007 a), stomatal opening 
(Sandalio et al, 2001) and finally slows down the rate of photosynthesis (Chugh and 
Sawhney 1999; Hasan et al, 2008). Cadmium stress is also reported to cause leaf 
chlorosis (Baryle et al, 2001) and inhibits the activity of various enzymes (Gouia et 
al, 2003; Hayat et al, 1^01 a; Hasan et al, 2008). It increases the level of proline 
(Hayat et al, 2007a; Hasan et al, 2008) that acts as osmoprotectant, membrane 
stabilizer and ROS scavenger (Apel and Hirt, 2004) and also acts on antioxidant 
enzymes such as peroxidase, catalase, superoxide dismutase and glutathione reductase 
(Tiryakioglue et al, 2006; Liu et al, 2007; Ali et al, 2007 a, Hasan et al, 2008, 
Ekmekci ei al, 2008). Agrophytologists are therefore, trying to find out some 
remedial measures that may neutralize the toxic effects of metal. Phytohormones are 
considered as potential chemicals to enhance the physiological efficiency of the cell 
and thus cause the exploitation of the genetic potential to the maximum level. Some 
of these hormone are known to enhance resistance against different biotic and abiotic 
stresses (Hayat et al, 2007 a, b, c; Ali et al, 2008 a, b; Hasan et al, 2008; Fariduddin 
3 
el al, 2009) and finally generated better harvest index (Khan et al, 2002). The 
hormone treated plants, therefore, have high economic yield (Hayat et al, 2007 b; 
Hasan e/fl/., 2008). 
In the recent past, Brassinosteroids (BRs) have emerged as a new paradigm in 
the category of phytohormones. Like other plant hormones (auxins, gibberellins, 
cytokinins and abscisic acid), BRs, were shovm to participate at very low 
concentration in the control of numerous processes associated with plant growth and 
development (Mandava, 1988; Friedrichsen and Chory, 2001). Brassinosteroids have 
the ability to cause cell elongation and cell division in stems, inhibit root growth, 
promote xylem differentiation and abscission (Mandava, 1988; Clouse, 2002; 
Nemhauser et al, 2004). They have also been shown to control several other process 
in plants, such as in induction of nucleic acid and protein synthesis (Khripach et al, 
2003), activation of several enzymatic activities (Hasan et al, 2008) photosynthesis 
(Hayat et al, 2007 a) increased fruit set (Kamuro and Takatsuto, 1999; Ali et al, 
2006). Increased stress tolerance in the plants is the other role assigned to 
brassinosteroids (Clouse and Sasse, 1998). Among abiotic stresses, BR has been 
reported to counter high and low temperature stress (Kulaeve et al, 1991; Wilen et 
al, 1995), moisture stress (Sairam, 1994), drought stress (Schilling et al, 1991), 
heavy metal stress (Alam et al, 2007; Hayat et al, 2007 a; Ali et al, 2008 a; Hasan et 
al. 2008) and salinity stress (Ali et al, 2007 a). 
Keeping in view the above roles, assigned to BRs and the ever increasing 
pollution level of the heavy metals, particularly that of cadmium because of its higher 
rate of solubility, it was decided to see the impact of BRs in overcoming the toxicity 
effects of the metal on the plants. The plants that was selected is Lycopersicon 
esculentum as it is very widely consumed throughout the world and is easily accepted 
by the local farmers as a cash crop. 
The following objectives were kept in mind while planning the experiments. 
1. Comparability of the degree of tolerance of cadmium among ten different 
varieties of tomato. 
2. Select the most resistant and most sensitive variety of tomato with respect to 
cadmium. 
The best suited hormone analogue (HBL/EBL) and site (root/shoot) of its 
application. 
4. Select the stage of growth, giving maximum response to the hormone. 
5. Select the metabolic and growth parameters showing maximum response to the 
treatment and that may be designated as a scale for forecasting further growth 
and productivity. 
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REVIEW OF LITERATURE 
2.1 CADMIUM 
2.1.1 Introduction 
Heavy metals are defined as the elements having a density higher than 5 g 
cm^ Of the total 90 naturally occurring elements, 53 are considered heavy metals 
(Weast, 1984) and few of them are of biological importance. Based on their solubility 
under physiological conditions, 17 heavy metals may be available to living cells and 
have significance for the plant and animal communities within various ecosystems 
(Weast, 1984). Among the heavy metals Zi, Ni, Cu, V, Co, W and Cr are toxic 
elements whereas As, Hg, Ag, Sb, Cd, Pb and Al have no known function as nutrients 
and seems to be more or less toxic to plants and microorganisms (Godbold and 
Huttermann, 1985;Niess, 1991; Sogut era/., 2005; Beak era/., 2006). 
Heavy metals are significant environmental pollutants and their availability 
in soil depends on natural processes, especially lithogenic and pedogenic, but also on 
anthropogenic factors such as mining, combustion of fossil fUels, urban waste 
disposal, soil runoff, metal working industries, boating activities, phosphate fertilizer 
application, sewage treatment plant effluents, and municipal solid waste disposal 
sites. (Angelone and Bini, 1992; Kevresan et al, 1998). 
Increase in the levels of heavy metals in soils could also be attributed to 
factors such as soil properties or different agricultural practices, for example 
application of sludge to agricultural land (Foy et al, 1978). Household waste, 
municipal and industrial wastes are also sources of heavy metals to soil (Alioway, 
1995). Soil contaminated with the heavy metals above the permissible limit lead to the 
decline in agricultural yields (Nellessen and Fletcher, 1993; Salt et al., 1995; Akinola 
and Ekiyoyo, 2006). The accumulation of heavy metals in the environment is now 
becoming a major cause of environmental pollution. 
2.1.2 Toxicity of heavy metals (HM) 
Of the known metals, Cd^ "^ , Ni^ "^ , Zn^ "*"' Cu^ "^  are toxic to plants at elevated 
levels, whereas Pb^^ has been generally observed to cause phytotoxicity (Foy et al., 
1978). The concentration of Cd in non-polluted soil solution ranges from 0.04 mM to 
0.32 mM, and its concentration in the range of 0.32 to about 1 mM may be 
categorized as polluted (Sanita di Toppi and Gabbrielli, 1999). Of the major heavy 
metals, Cd is a major industrial pollutant particularly in areas associated with smelting 
of zinc and heavy road traffic (Samashekaraiah et al., 1992; Das et al., 1997). High 
concentrations of heavy metals in the soil are toxic to most plants (Ernst, 1980; Wool 
House, 1983; Baker, 1986; Macnair, 1993). There are two types of causal 
relationships existing between the high concentration of heavy metals in the soil and 
the expression of toxicity symptoms. On the one hand, heavy metals compete with 
essential mineral nutrients for uptake thereby disturbing the mineral nutrition of plants 
(Barcelo and Poschenrieder, 1986; Clarkson and Luttge, 1989) and on the other hand, 
after uptake by the plant, it accumulates in plant tissue and cell compartments and 
hampers the general metabolism of the plant (Thurman and Collins, 1983; Taylor, 
1988; Turner 1997). 
Heavy metal accumulation in plants has multiple direct and indirect effects 
on plant growth and alters many physiological functions (Wool House, 1983) by 
forming complexes with 0, N and S ligands (Van Assche and Clijsters, 1990). They 
interfere with mineral uptake (Yang et al, 1998; Zhang et al., 2002; Kim et al, 2003; 
Shukla et al, 2003; Drazic et al, 2004; Adhikari et al, 2006) protein metabolism 
(Tamas et al, 1997) membrane functioning (Quariti et al, 1997; Azevedo et al, 
2005) water relations (Kastori et al, 1992) and seed germination (Iqbal and Siddiqui, 
1992; Al-Hellal, 1995). Cadmium inhibited net photosynthesis in green algae, com, 
soybean, and pigeon pea (Bazzas et al, \91A; Sheoran et al, 1990; Krupa et al, 
1993), O2 evolution in Anacystis nedulens and photosystem II (PS II) in isolated 
chloroplasts of maize and spinach (Bazzaz et al, 1974). Moreover, they cause 
metabolic disturbance by altering essential biochemical reactions (Krupa et al, 1988; 
Hermans et al, 2004; Epstein and Bloom, 2005). 
Accumulation of heavy metals not only decreased nodulation (Casella et al, 
1988; de Lorenzo et al, 1994; Gogoreena et al, 1995, 1997; Fernandez et al, 1996; 
Comba et al, 1998) and growth of leguminous plants (Hasan et al, 2007) but also 
inhibited the growth of microorganisms present in the soil (Coppola et al, 1988, 
l^ormzetal, 1994). 
2.1.3 Basic chemical properties of cadmium 
Cadmium is the element of group lib in the periodic table and its atomic 
number is 48. It shows chemical similarity with the other elements of group lib 
especially with Zinc (Zn) and Mercury (Hg). Cadmium is commonly associated with 
Zn and Hg in natural geologic settings. Cd (II) is relatively more stable in a positive 
valence of two and occurs in most of natural aquatic system (Baes and Mesmer, 
1976). The ability of Cd to form complexes with ammonia, amines, halides ions and 
cyanide indicates similarities with most of the transition metal ions. Cadmium is a 
white lustrous and tarnishable relatively volatile element with melting and boiling 
points of 321 and 767 °C, respectively, and a heat of vaporization of 26.8 K cal mol' 
(Cotton and Wilkinson, 1966). The latter property makes it susceptible to enter the 
atmosphere which is a major component of the global Cd Cycle (Laws, 1993). 
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2.1.4 Chelation of cadmium 
In order to cope with highly toxic metals or to maintain the level of essential 
metals within the physiological range, plants have evolved a variety of complex 
mechanisms for metal tolerance. Berry (1986) suggested that accumulation and 
detoxification as the main strategies that serve to control the uptake and accumulation 
of heavy metals in plants. Different plant species, commercial varieties, cultivars and 
ecotypes vary widely in their tolerance to excess concentrations of heavy metals (Al-
Hellal, 1995). 
One recurrent general mechanism for heavy metal detoxification in plants 
and other organisms is chelation by a ligand and in some cases, the subsequent 
compartmentalization of the ligand-metal complex. Formation of these complexes is 
termed chelation and the complexes are known as chelates. 
Phytochelatins are synthesized enzymatically by PC synthase in higher 
plants (Grekeler et al, 1989; Kneer and Zenk, 1992). This enzyme removes a y Glu-
Cys residue from one molecule of glutathione (y Glu-Cys-Gly) and couples it with 
another glutathione. Co-production of PCs and MTs upon exposure to trace metals 
was reported in yeast Candida glabrata (Mehra et al, 1988). Moreover, the rate 
phytochelatins production in rice and groundnut increased on being exposed to 
cadmium (Shanthala et al., 2006) 
PC synthase was purified to homogeneity in cell cultures of Silene 
cucufalus, Beta vulgaris, and Equisetum giganteum (Robinson et al., 1993). PC 
synthase catalyzes the formation of metal-chelating peptides (=PCs) from glutathione 
in the presence of heavy metal ions. Incubation of PC under specific conditions in the 
absence of heavy metal ions did not lead to the formation of PC peptides. However, 
addition of Cd to the incubation mixture instantaneously reactivated this enzyme 
(Lomer etai, 1989). 
It has been shown that heavy metals cause cell death in plants by 
inactivating enzymes, through metal sensitive groups, rendering them catalytically 
inactive (Van Assche and Clijsters, 1990). Therefore, plants as an adaptive strategy 
might have developed certain physiological and biochemical mechanisms to tolerate 
metal toxicity. PCs could reduce cytoplasmic toxicity by complexing intracellular 
metals; the PC metal complexes would be expected to be less toxic to cellular 
metabolism than free metal ions. The best indirect evidence for such an assumption 
comes from tomato cells selected for Cd tolerance; these cells accumulated PCs to 
considerably higher levels than did Cd- sensitive cells (Steffens, 1990). More direct 
evidence of PCs in protecting plant enzymes was reported in suspensions cell cultures 
of Rauvolfia sepentina that were treated with Cd (Grill et al, 1985). 
In addition to PCs, other intracellular ligands may play a role in complexing 
Cd (e.g., glutathione and various polycarboxylic acids). Barley and maize seedlings 
exhibited retardation in shoot and root growth after exposure to Cd. The total protein 
and glutathione content of barley and maize roots declined with an increase in heavy 
metal concentration however, this decrease was more in the roots than in the shoots 
(Shanthala et al, 2006). Thus, glutathione is somehow involved in the biosynthesis of 
PCs (Robinson et al, 1993) which in turn confers tolerance to the cells (Jackson et 
al, 1987). Sulphate salts have also been reported to afford protection to Cd toxicity 
by enhancing sulphate uptake, leading to increased synthesis of glutathione, a 
precursor of PCs. Complexation by organic acids, e.g., citrate and malate, with Cd in 
vacuoles was reported in tobacco suspension cultures (Kortz et al, 1989). 
2.1.5 Mechanism of cadmium uptake, translocation and deposition 
Plant response to increased levels of Cd in soil differs in terms of the ability 
of various plants species to take up and transport increased levels of Cd. Cd can be 
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easily transported within plants (Epstein and Bloom, 2005) in the form of metallo-
organic complexes, but mechanisms of uptake, translocation and deposition are quite 
complex; the bio-availability of Cd in soil depends upon its concentration, pH, 
temperature, redox potential and concentration of other elements. The acidification of 
the rhizosphere and exudation of carboxylase are considered to be potential targets for 
enhancing metal accumulation (Clemens et al., 2002). The mechanism for the uptake 
of Cd by the plant root generally involves competition for absorption sites between 
the heavy metals and several mineral nutrients sharing similar chemical properties 
(Jarvis et al, 1976). The reduction of K, Calcium (Ca) and magnesium (Mg) in tissue 
due to high concentrations of Cd has been reported in cucumber and tomato plants 
(Burzynski, 1988), maize (Walker et al, 1977). An antagonism between zinc and 
cadmium and their active absorption was also observed in lettuce roots (Costa and 
Morel, 1994). Moreover, other mineral nutrients such as nitrate, not sharing similar 
chemical characteristics with Cd, are also affected by its presence. In most 
environmental conditions, Cd enters first into the roots and damages the root system 
first (Sanita di Toppi et al, 1998). 
The mechanisms that control the uptake of Cd by plant roots and 
accumulation in edible parts of the plant are not well imderstood. Cadmium 
absorption across the plasma membrane of root cells is controlled by the 
electrochemical potential difference between the activity of Cd^^ in the cytosol and 
that in the root apoplasts. The large negative membrane potential alone provides more 
than enough energy to drive Cd^^  uptake even at low concentrations of Cd *. The 
kinetics of Cd^^ absorption by roots shows bio-phasic characteristics with saturable 
components at low Cd activities in the absorption solution and a linear component at 
higher Cd activities (Costa and Morel, 1993). Although the biphasic nature of Cd 
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transport is open to speculation, it should be related to two separate types of 
membrane transport systems e.g., (i) Movement via a saturable cation transported in 
the plasma membrane and (ii) diffusive movement channels with linear concentration 
kinetics. Absorption of Cd could also occur as inorganic complexes of Cd such as 
CdCr, CdCli, CdS04, etc. or as organic complexes such as phytometallophore 
complexes (McLaughlin et ah, 1996). Von Wiren et al, (1996) speculated that Zn(II) 
phytometallophore complexes were readily absorbed by maize roots but the binding 
sites present in the plasma membrane of the root are not highly specific for Fe(III) 
phytometallophores, allowing the transport of other metals like Cd. However, there is 
no direct evidence in support of Cd binding with phytometallophores during its 
transport in root cells. 
Moreover, other metals, especially Zn^ ,^ interact with Cd and reduce uptake 
during Zn-deficient conditions. Zinc's role in maintaining the integrity of the root cell 
plasma membrane is evident from the fact that cereal roots grown under Zn-deficient 
conditions are implicated in reduced Cd uptake following Zn application (Welch, 
1995). Cd can easily penetrate the root system of xylem through the apoplastic and/or 
symplastic pathway (Salt et al, 1995) and reaches tissues of aerial parts of the plants 
(Yang et al, 1998). Despite the difference in mobility of metal ions in the plants the 
metal content is generally greater in the root than in the above-ground tissues (Ramas 
et al, 2002). Most Cd ions are retained in the roots and only small amounts are 
transported to shoots (Cataldo et al, 1983). In general, the concentration of Cd in 
plants decreases in the order: root > leaves > fruits > seeds (Blum, 1997; Sharma et 
al, 2006). 
The extent of Cd transport into edible organs differs widely among crops. In 
soybean more than 98 % of the accumulated Cd was retained by roots and only 2 % 
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was transported to shoots (Calatdo et ah, 1983). Moreover, Cd was easily transported 
to the shoots and leaves of tomato plants but was not detected in fruits (Morel et ah, 
1994). After uptake by the roots Cd is transferred to the shoots, through the cells of 
vascular bundles. Movement of the trace metal is also regulated by vascular tissues 
(Kuppelwieser and Feller, 1991). There are numerous cell membrane barriers that Cd 
must cross to enter edible plant organs, and this is especially true for seeds and grains. 
2.1.5.1 Xylem transport 
The chemical composition of xylem sap is very different from phloem sap, 
xylem sap having a pH ranging from 5.0 - 6.0, a more oxidizing redox potential and a 
much lower concentration of organic compounds, e.g., sugars, peptides and proteins. 
As described earlier Cd not only prefers to form bonds with sulphydryl ligand groups, 
but also binds to N and 0 ligand groups. Thus, cysteine and other sulphydryl-
containing compounds (e.g. phytochelatins, glutathione, etc.) and various organic 
acids (e.g. citrate) and other amino acids in xylem sap could be important in 
transporting Cd from roots to shoots. Although there are no definitive studies on the 
forms of Cd in xylem sap, Senden et al. (1994) reported that treating xylem sap with 
citric acid increased Cd transport through xylem vessels of excised tomato stem/leaf 
systems. Furthermore, when citric acid was supplied to the roots of tomato plants, Cd 
uptake increased two- fold and Cd transport from roots to shoots increased 6- to 8-
fold. Thus, citrate can stimulate Cd uptake in the root and its transports in xylem sap. 
Mori et a/. (1991) reported the occurrence of deoxymugineic and epihydroxymugineic 
acid phytometallophores in xylem sap collected from rice seedlings. Cataldo et al. 
(1983) found Cd(II) association primarily with components of the amino acid/peptide 
fraction of xylem sap collected from xylem exudates of soybean, while polyvalent 
ions such as Fe(III) were found associated with organic acid complexes. 
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2.1.5.2 Phloem transport 
The abundance of organic ligands (e.g., organic acids, amino acids, sugars, 
peptides and proteins) and the alkahne (pH 7.0-8.0) of phloem sap ensures that 
virtually all Cd^^  carried in the phloem is present in complexed conditions that favour 
the stability of sulphydryl-containing ligands, which are likely to be carriers of Cd. 
However, there is no direct evidence for any specific Cd complexes in phloem sap, 
but they could include phytometallophores, such as nicotinamine, metallothioneins, 
the phytochelatins as well as glutathione, cysteine and other sulphydryl-containing 
molecules. Deoxymugineic acid a phytometallophone was identified in phloem sap of 
rice plants (Mori et ai, 1991). It is presumed that phytochelatins and 
phytometallophores play a role in Cd movement in phloem sap and in loading Cd into 
seeds and grains. Moreover, nicotinamine could also function as an iron transporter in 
the phloem of all higher plants as nicotianamine was essential for iron mobilization in 
plants from phloem sources (like mature leaves) to phloem sinks (reproductive 
organs, newly forming roots leaves and growing points) (Scholz, 1989). Zinc- binding 
substances similar to the phytochelatins have been reported in phloem sap of citrus 
(Taylor et ai, 1988). 
2.1.5.3 Deposition 
The compounds that bind Cd in mature seeds during their development are 
not known. However, cadmium may bind to phytate (myo-inositol hexaphosphate) in 
globoid crystals within the protein bodies of developing seeds. Other metals (e.g. Fe, 
Zn, Mn, Mg and Ca) have been reported to be associated with phytate within globoid 
crystals of these organelles (Welch, 1986). Van Steveninck et al. (1990, 1992 and 
1994) reported that phytate globular deposits containing Zn were formed in small 
vacuoles of root cells within the elongation zone of roots of soybean, maize and 
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wheat. However, Cd was not bound to phytic acid in these small root-cell vacuoles. 
Alternatively, Cd could be found in 2"*^  class metallothioneins in developing seeds and 
grains because genes for the expression of these sulphydryl-rich proteins (known to 
find Zn) have been reported in seeds of some plant species like wheat and maize 
(White and Rivin, 1995; Hsieh et al., 1996). Further research conducted to determine 
the major form of Cd in edible portions of important crops showed that in oat (Avena 
sativa L.) roots, Cd transport from cytosol to the vacuole across the tonoplast is 
demonstrated through Cd^ VH"^  antiport activity. After the uptake of the heavy metal 
by the plants it is deposited/accumulated in plant tissue and cell compartments 
(Prasad, 1995). 
2.1.6 Effect of cadmium on plant growth 
Cadmium is not an essential nutrient and at higher concentrations inhibits 
plant growth (Anita et al, 1990; Aery and Rana, 2003). It has also been reported that 
even at relatively low concentrations it alters plant metabolism (Van Assche and 
Clijsters, 1990). The presence of cadmium in the soil retards the growth of soybean 
(Cataldo et al, 1983; Dewdy and Ham, 1997), Pea (Sandalio et al, 2001), Corchorus 
olitorius (Mazen, 2004), Medicago sativa (Drazic et al, 2006) maize (Krantev et al, 
2008) and chickpea plants (Hasan et al, 2008). High concentrations of Cd decreased 
cell growth as well as that of whole plant (Prasad, 1995). 
2.1.7 Effect of cadmium on fresh and dry mass 
The interaction of Rhizobium in the nodules of chickpea was found to be 
very sensitive to heavy metals resulting in a decrease in dry mass of chickpea and 
greengram (Wool House, 1983; Rana and Ahmad, 2002). An increase in Cd 
concentration decreased the fresh mass in mungbean (Shen et al, 1990; Wahid and 
Ghani, 2007) Medicago sativa (Drazic et al, 2006), maize (Ekmekci et al, 2008). 
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Moreover, a marked decrease in root and shoot mass was observed when treated with 
low, concentration of Cd in Vigna ambacensis (Al-Yemens, 2001) and wheat (Milon 
etal, 2003). 
2.1.8 Effect of cadmium on nodulation 
The presence of heavy metals in the soil decreased the yield of symbiotic 
nitrogen- fixing organisms and the number of nodules per plant (Vigue et al, 1981). 
The presence of Cd decreased nodulation and nitrogenase activity in soybean (Vesper 
et al, 1978), Alnus rubra (Wilckliff e/ al, 1980), Trifolium repens (McGranth et al, 
1988), Phaseolus vulgaris (Vigue et al, 1981; Dewdy and Ham, 1997), Pisum 
sativum (Dhingra and Priefer, 2006), mungbean (Wahid et al, 2007), and chickpea 
(Hasan et al, 2008). Nitrogen assimilation in pea plants was severely affected on 
exposure to Cd (Hernandez et al, 1995; Dhingra and Priefer, 2006). A positive 
correlation was observed between leghemoglobin content and nitrogenase activity 
(Dakora, 1995; Comba et al, 1998) and both these parameters exhibited a parallel 
decrease in the presence of Cd (Fernandez et al, 1996). The oxidation stress 
generated by Cd accelerated senescence of nodules in soybean plants (Balestrasse et 
al, 2001). 
2.1.9 Effect of cadmium on photosynthesis 
Cadmium is an effective inhibitor of photosynthesis (Greger et al, 1994; 
Chugh and Sawhney, 1999; Vassilev et al, 2005). A linear relationship between 
photosynthesis and inhibition of transpiration was observed in clover, lucerne, and 
soybean that suggests Cd inhibited stomatal opening (Huang et al, 1974). Cadmium 
damages the photosynthetic apparatus, in particular the light harvesting complex II 
(Krupa, 1988) and photosystems I and II (Siedlecka et al, 1993,1996). The inhibition 
of root Fe (III) reductase induced by Cd leads to Fe(II) deficiency which seriously 
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affects photosynthesis (Alkantara et al, 1994). Cadmium also causes stomatal closure 
in higher plants (Poschenreider et al, 1989) and an overall inhibition of 
photosynthesis in pigeon pea (Sheoran et al, 1990), radish (Krupa et al, 1993), 
Pisum sativum (Chugh and Sawhney, 1999) tomato (Dong et al, 2005), soybean 
(Shamsi et al, 2007), Brassica juncea (Hayat et al, 2007 a), maize (Ekmekci et al, 
2008). 
2.1.10 Effect of cadmium on chlorophyll and protein content 
The presence of Cd decreased the content of chlorophyll and carotenoids, 
and increased non-photochemical quenching in Brassica napus (Larsen et al, 1998). 
Similarly, the synthesis and level of chlorophyll decreased in other plant species 
under the influence of the cadmium e.g. cress and lettuce (Czuba and Ormond, 1973), 
barley (Stiborova et al, 1986), wheat (Bishnoi et al, 1993), maize (Ferretti et al, 
1993), Cupressus arizonica (Griffiths et al, 1995), Salvinia cucullate (Phetsombat et 
al, 2006), Catharanthus roseus (Pandey et al, 2007), wheat (Amani, 2008) 
Growth reduction associated with cadmium treatment was probably caused 
by inhibition of protein synthesis (Foy et al, 1978). Phytotoxicity of the metal in 
other crop plants has been observed in the form of a loss in protein levels (Dubey and 
Dwivedi, 1987; Gupta et al, 1992; Tamas et al, 1997; Krantev et al, 2008). 
Moreover, the grains developed on the plants grown under Cd stress had lower protein 
content (Salgare and Acharekar, 1992). Hasan et al (2008) reported lower seed protein 
content in chickpea plants grown under cadmium stress. 
2.1.11 Effect of cadmium on nitrate reductase activity 
Nitrate reductase (NR), the primary enzyme in the nitrate assimilation 
pathway, is the limiting factor in plant growth and development (Solomonson and 
Barber. 1990) and its level is influenced by a variety of environmental factors 
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(Andrew, 1986; Murphy et al., 1987). The presence of Cd in the soil retarded the 
assimilation of NO3 in Silene vulgaris (Mathys, 1975), maize (Nassbaum et al., 1988; 
Hernandez et al., 1996), pea (Burzynski, 1988), tomato (Quariti et al., 1997), bean 
(Gouia et al, 2004) and in Cicer arietinum (Hasan et al, 2008) 
2.1.12 Effect of cadmium on carbonic anhydrase activity and proline content 
Cadmium decreased the activity of carbonic anhydrase in plants (Siedlecka 
et al, 1996). Among the four tested heavy metals that induce proline accumulation, 
Cd was the strongest inducer (Saradhi and Saradhi, 1981) in rice (Roy et al, 1992), 
Brassica napus callus (Chandler and Thorpe, 1987), Armeria moritima (Farago, 
1981), sunflower (Kastori et al, 1992) Brassica juncea (Singh and Tiwari, 2003; 
Hayat et al, 2007 a) and in Cicer arietinum (Hasan et al, 2008). In addition, proline 
could be involved in metal chelation in the cytoplasm (Farago and Mullen, 1979). 
Moreover, proline is a poor inducer of phytochelator synthesis (Grill et al, 1987). An 
increase in constitutive proline levels have been observed in a copper- tolerant 
ecotype of Armeria meritima exposed to Cd (Farago, 1981). The plants exposed to 
heavy metals seem to induce accumulation of free proline (Alia, 1991; Bassi and 
Sharma, 1993; Costa and Morel, 1994; Alam et al, 2007; Ali et al. 2008 a, b). 
2.1.13 Effect of cadmium on antioxidant systems 
Plants possess a number of antioxidant systems that protect them from 
oxidative damage (Smeets et al, 2005; Pal et al, 2006). Superoxide dismutase (SOD) 
is the first enzyme in the detoxifying process that converts O2' radicals to H2O2 at a 
very rapid rate (Polle and Rennenberg, 1994). Cadmium was found to result in 
oxidative stress (Hendry et al, 1992; Somashekaraiah et al, 1992) by either inducing 
oxygen free radical production (Balakhnina et al, 2005; Demirevska-Kepova et al, 
2006) or by decreasing concentrations of enzymatic and non-enzymatic antioxidants 
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(Somashekaraiah et ai, 1992; Stohs and Baghi, 1995; Shaw, 1995; Gallego et ai, 
1996; Sandalio et al, 2001; Balestrasse et ai, 2001; Fomazier et al, 2002; Cho and 
Seo, 2004; Mohan and Hosetti, 2006). These defense systems are composed of 
metabolites such as ascorbate, glutathione, tocopherol, etc., and enzymatic scavengers 
of activated oxygen such as peroxidases, catalases and superoxide dismutases (Noctor 
and Foyer, 1998; Asada, 1999; Sandalio et al, 2001; Khan et al, 2002; Borctal et al, 
2003; Panda and Khan, 2003; Chaoui et al, 2004; Demiral and Turkan, 2005; 
Mandhania et al, 2006). 
Peroxidase induction is a general response of higher plants after uptake of 
toxic quantities of metals (Van Assche and Clijsters, 1990). Cd ions can inhibit or 
sometimes stimulate the activity of several antioxidative enzymes. In Halianthus 
annus leaves, Cd enhanced lipid peroxidation, increased lipoxygenase activity and 
decreased the activity of SOD (Sandalio et al, 2001; Khan et al, 2002; Panda and 
Khan, 2003), glutathione reductase, catalase, ascorbate peroxidase, and 
dehydroascorbate reductase (Gallego et al, 1996). Cadmium induced the activity of 
peroxidase (POX) in soybean (Fuhrer, 1982), in roots and leaves of Oryza sativa 
(Reddy and Prasad, 1993), bean leaves (Lee et al, 1996), Brassica juncea (Singh and 
Tiwari, 2003; Hayat et al, lOQl a), Bacopa monniera (Mishra et al, 2006) and in the 
leaves of Calamus tenuis (Khan and Patra, 2007), cucumber (Goncalves et al, 2007), 
Cicer arietinum (Hasan et al, 2008), maize (Ekmekci et al, 2008). In Phaseolus 
aureus, Cd ions decreased catalase activity and increased the activities of guaiacol 
peroxidase and ascorbate peroxidase (Shaw, 1995; John et al, 2007). However, an 
increase in catalase activity (CAT) was observed under Cd stress in wheat (Milone et 
al, 2003), Oryza sativa (Panda and Patra, 2007), Cicer arietinum (Hasan et al, 2008). 
In maize plants CAT activity was not affected by cadmium treatment (Krantev et al, 
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2008). Superoxide dismutase is the first line of defense against oxidative stress, Cd 
induced the activity of SOD in Brassica juncea (Hayat et al, 2007 a), cucumber 
(Goncalves et al, 2007), maize (Ekmekci et al, 2008). Membrane damage due to 
Upid peroxidation caused by metals is mediated by activated oxygen radicals 
(hydrogen peroxidase, hydroxy! and superoxide radicals) and could be quenched by 
the induction of specific enzymes like peroxidase, superoxide dismutase and catalase 
(De Vos and Schat, 1981). Phaseolus vulgaris roots exposed to 5 mM Cd had higher 
activities of guaiacol and ascorbate peroxidase and elevated levels of lipid 
peroxidation (Chaomi et al, 1997). Cadmium treatment also increased lipid 
peroxidation (Lazono-Rodriguez et al, 1997; Sandalio et ah, 2001; Astolfi et al, 
2004; Chaoui et al, 2004; Srivastava et al, 2004) whereas no effect on lipid 
peroxidation was noticed in the roots of Daucus carota plants exposed to Cd (Sanita 
diToppieM/., 1998). 
In addition to these antioxidant molecules, thiols also possess strong 
antioxidative properties and are able to counteract oxidative stress imposed by Cd 
(Pichomer et al, 1993; Shanthala et al, 2006). Germinating pigeon pea seedlings 
exposed to Cd had altered enzyme activity and mobilizations of food reserves 
(BishnoieM/., 1993). 
2.1.14 Future prospects of cadmium 
Although our knowledge of Cd toxicity in higher plants as well as in the 
soil- plant system has increased considerably in the recent years, there are still many 
gaps in our knowledge about the basic mechanisms that control Cd movement and its 
accumulation in plants. Certainly more research is needed regarding the mechanism 
of Cd uptake by the root, translocation, and its deposition within plants. Additionally, 
the major forms of Cd in various staple plant foods (e.g. rice, wheat, com, bean, and 
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potato) need to be identified. We must elaborate the knowledge about the 
biochemistry of metal homeostasis factors, physical interaction of transporters, 
chelators and chaperones. A genetic approach as opposed to physiological/ 
biochemical investigations may assist in understanding the mechanism of metal 
tolerance. Some studies have been conducted on the mechanism of Cd tolerance by 
selecting Cd-sensitive and Cd- tolerant strains. Genetic improvement of Cd-
hypersensitive genotypes of agricultural, horticultural and silvicultural plants may 
emerge as a challenging subject. Transgenic production of Cd-excluders might 
emerge as a priority area. In vitro (cell culture) investigations are relevant not only to 
understand metal tolerance but also enzymological aspects and metal ion homeostasis. 
The cellular and molecular basis of thermoprotection of heavy metals and heat stock 
protein induced by heavy metals needs critical investigation. An improved knowledge 
in these crucial areas will help to elucidate the molecular mechanisms that lie beyond 
plant metal tolerance and homeostasis. 
2.2 BRASSINOSTEROIDS 
2.2.1 Introduction 
Growth is an organized, well-coordinated complex process where metabolism 
provides the energy and the building blocks. However, it is the relative hormone level 
that regulates the pace of growth of each individual plant part, to produce a form that 
is recognized as a plant. Earlier, only five groups of hormones (auxins, gibberellins, 
cytokinins, abscissic acid and ethylene) were designated as regulators of plant grovv^h. 
However, in the recent past, compelling evidences have been put forward to classify 
an additional group of steroidal substances (brassinosteroids), first isolated fi:om rape 
{Brassica napus L.) pollen, as a new class of phytohormones. 
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It was in 1970, when Mitchell and co-workers screened the pollens of nearly 
sixty species, out of which the extract from about thirty species generated growth in 
bean seedlings. This growth promoting substance was called "brassin". The search for 
its active factor(s) was collectively approached in 1974 by the USD A scientists 
working at northern regional research centre (NRRC), Peoria; Eastern Regional 
Research Centre (ERRC), Philadelphia and Beltsville Agricultural Research Centre 
(BARC), Maryland. Bee-collected pollens (500 lb) were processed through a pilot 
plant-size solvents (2-propanol) extraction procedure at ERRC and succeeded in 
partial purification at BARC. However, it was crystallized at NRRC and was 
subjected to x-ray analysis to establish its structure. This biologically active plant 
growth promoter was found to be steroidal lactone (C28H48O6) and was named as 
"brassinolide" which was renamed as "brassinosteroid". All natural brassinosteroids 
have a common 5-choleston skeleton and its structural variants come from the type 
and the orientation of fiinctionalities on the skeleton. Their low level in plants is not 
uniform throughout its body but young growing tissues have comparatively a larger 
share than the mature tissues (Yokota and Takahashi, 1986). The richest sources are 
pollen and immature seeds where its concentration ranges between 1-100 ng per g 
fresh mass, whereas shoots and leaves have about 0.01-0.1 ng per g fresh mass 
(Takatsuto, 1994). Till now more than 70 brassinosteroids, structurally and 
functionally different form each other, have been characterized (Hayat and Ahmad, 
2003 d). Out of which, three (brassinolide, 24-epibrassinolide and 28-
homobrassinolide) are being largely applied to have an economical impact on plant 
metabolism, growth and productivity. 
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2.2.2 Occurrence of brassinosteroids 
Since the discovery of BL, 70 BRs (65 unconjugated and 5 conjugated) have 
been isolated from 60 plant species including 51 angiosperms (12 monocotyledons 
and 39 dicotyledons), 6 gymnosperms, 1 pteridophyte (Equisetum arvense), 1 
bryophyte {Marchantia polymorpha) and 1 chlorophyte, the alga {Hydrodictyon 
reticulatum). Thus the BRs are widely distributed in the plant kingdom, including 
higher and lower plants. BRs have been detected in all the plant organs such as pollen, 
anthers, seeds, leaves, stems, roots, flowers, and grains (Bajguz and Tretyn, 2003). 
The galls of Castanea crenata and Distylium racemosum have higher levels of BRs 
(several |ig/kg) than the normal, healthy tissues. Another tissue having BRs is the 
crown gall cells of Catharanthus roseus which have higher contents of BL and CS 
(30-40 fxg/kg) than the normal cells. Also, young growing tissues contain higher 
levels of BRs than mature tissues. Generally, pollen and immature seeds are 
especially a rich source of BRs, while the concentrations in vegetative tissues are very 
low, compared to those of other plant hormones. In the pollen of Cupressus arizonica 
the concentration of 6-deoxoTY may be about 6400-fold greater than BL. Pollen and 
immature seeds are the richest sources with a range of 1-100 ng g"^  fresh weight, 
while shoots and leaves usually have lower level of 0.01-0.1 ng g"' fresh weight. BRs 
occur endogenously at quite low levels. Compared to the pollen and immature seeds, 
the other plant parts contain BRs at the nanogram or subnanogram levels of BRs per 
gram fresh weight. The highest concentration of BR, 6.4 mg per 1 kg pollen, was 
detected in Cnpressus arizonica (Griffiths et al, 1995; Clouse and Sasse, 1998; 
Fujioka, 1999). 
Among the BRs, CS is the most widely distributed (50 plant species), followed 
by BL (34), TY (25), 6-deoxoCS (19), TE (19), and 28-norCS (12). To the present 
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day, 34 other BRs and 5 BR conjugates have been found in only one plant species. 
Among all naturally occurring BRs, CS and BL are the most important BRs because 
of their wide distribution as well as their potent biological activity (Kim, 1991; 
Fujioka, 1999). Among the plant sources investigated, immature seeds of Phaseolus 
vulgaris contain a wide array of BRs (25 free and 2 conjugates). The wide occurrence 
of BRs was also reported in dwarf mutant of Catharanthus roseus (19 compounds), 
Arabidopsis thaliana (18 compounds), Cryptomeria japonica and Cupressus 
arizonica (9 compounds), Dolichos lablab, Oryza sativa, Thea sinensis and Secale 
cereale (8 compounds), Lilium longiflorum (7 compounds), Distylium racemosum (6 
compounds). 
2.2.2.1 Distribution in monocotyledons 
The occurrence of BRs in monocotyledons has been demonstrated from four 
families including twelve plant species. BRs are represented by 18 compounds: 7-
oxalactone (1, BL), 6-oxo (16, including two conjugates) and 6-deoxo (1 - 6-
deoxoCS) types. Seven BRs, such as SE, 2,3-diepiSE, TY, 3-DT, TE-3-La, TE-3-My 
and secasterol were also isolated in plants. 
2.2.2.2 Distribution in dicotyledons 
The presence of BRs in dicotyledons has been reported from three subclasses. 
The first, the Apetalae is represented by 6 families including 8 plant species. Total 
quantity of BRs amount to 7 compounds. The second, the Chloripetalae is represented 
by 8 families including 21 plant species. There are 49 BRs, among them 25 
compounds belong to 6-oxo type, 17 belong to 6-deoxo type, 5 belong to 7-oxalactone 
type and 2 belong to 5-en type. Furthermore, from immature seeds of Phaseolus 
vulgaris a large quantity of 23 unconjugated and 2 conjugated BRs has been isolated 
so far. Among plants of this subclass, 44 BRs were detected for the first time. The 
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third, the Sympetalae is represented by 7 families including 10 plant species. Among 
the BRs, compounds that belong to 6-deoxo type are widely distributed (13), 6 belong 
to 6-0X0 type, 2 belong to 5-en type, and one compound belongs to 7-oxalactone (BL) 
and 6-hydroxy (6a-0H-CS) types. 
2.2.2.3 Distribution in gymnosperms 
The occurrence of BRs in gymnosperms has been reported from six conifers. 
The presence of new 6 BRs was shown in Cupressus arizonica and Cryptomeria 
japonica. Among plant species so far reported, the level of BR in the mature pollen of 
Cupressus arizonica is highest (6.4 mg/kg 6-deoxoTY). 
I.I.IA Distribution in lower plants 
BRs have been identified in lower plants such as green alga {Hydrodictyon 
reticulatum), a pteridophyte (Equisetum arvense), a bryophyte (Marchantia 
polymorpha). Total quantity of BRs amount to 9 compounds, among them 6-oxo type 
of BRs dominates (8 compoimds). 
2.2.3 Effect of brassinosteroids on seed germination 
Endogenous BRs have been identified in the seeds of several species, 
including pea (Yokota et ai, 1996), A. thaliana (Schmidt et ah, 1997) and Lychnis 
viscaria (Friebe et al., 1999). It is well documented that brassinosteroids promote 
seed germination, like other hormones. The treatment of the seeds of Lepidium sativus 
(Jones-Held et al, 1996) and Eucalyptus camaldulensis (Sasse et al, 1995) with 
brassinolide improved per cent germination. Similarly brassinosteroids promoted seed 
germination in case of Brassica napus (Chang and Cai, 1998), rice (Dong et al, 
1989), wheat (Sairam et al, 1996; Hayat et al, 2003), tomato (Vardhini and Rao, 
2000) and tobacco (Leubner-Metzger, 2001). Moreover, brassinolide, 24-
epibrassinolide and 28-homobrassinolide promoted seed germination in groundnut 
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(Vardhini and Rao, 1997). BR application has been reported to enhance the 
germination of certain parasitic angiosperms (Takeuchi et al, 1991, 1995), cereals 
(Gregory, 1981; Yamaguchi et al, 1987), Arabidopsis (Steber and McCourt, 2001). 
Pretreatment with brassinolide stimulated the germination and seedling emergence of 
aged rice grains (Yamaguchi et al, 1987) and seed treatment of barley accelerated 
subsequent seedling growth (Gregory, 1981). It is, however, not certain, whether the 
promoting effect of BR in cereal grains is actually manifested only at the level of 
seedling growth and / or also at the level of germination/7er se. 
In A. thaliana, BR promotes the germination of pre-chilled (i.e. non-dormant) 
seeds of BR-deficient biosynthesis mutant det2-l and the BR-insensitive response 
mutant bril-1 imbibed in the light (Steber and McCourt, 2001). Seed germination of 
det2-l and bril-1 is more strongly inhibited by ABA than the wild type and BR is, 
able to partially overcome the inhibition of germination by ABA. BR treatment 
rescues the germination phenotype of the severe GA-deficient biosynthesis mutant 
gal-3, which normally requires GA treatment for dormancy release and germination. 
BR treatment also partially rescues the germination phenotype of the severe GA-
insensitive response mutant slyl {sleepy 1), which caimot be rescued by treatment with 
GA. Interestingly, a new allele for slyl was identified in a screen for BR-dependent 
germination and also proposed an interaction between BR and GA signaling in seeds 
(Steber et al, 1998; Steber and McCourt, 2001). This is further supported by the 
germination phenotype of the gpal mutant of Arabidopsis (UUah et al, 2002). BR 
promotes seedling elongation and germination of non-photodormant tobacco seeds, 
but do not appreciably affect testa rupture and subsequent induction of 13Glu I in the 
micropylar endosperm (Leubner-Metzger, 2001, 2003). Treatment with BR 
accelerates endosperm rupture of tobacco seeds imbibed in the light. Promotion of 
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endosperm rupture by BR is dose-dependent and 0.01 |JM brassinolide is most 
effective. 
2.2.4 Effect of brassinosteroids on flowering 
There has been very Hmited use of steroids in regulating flowering. The 
number of flowers in strawberry increased by the application of brassinosteroids at the 
foliage (Pipattanawong et al, 1996). However, in case of grapes, the application of 
brassinosteroids in autumn improved the number of flowers but inhibited if the time 
of application is delayed to late winter (Rao et al, 2002). 
2.2.5 Effect of brassinosteroids on senescence 
It is the process, which refers to, endogenously regulated deteriorative, 
changes that become the natural cause of death of cells, tissues, organs or that of the 
whole organism (Afteca, 1997). Like other hormones (Rao et al, 2002), 
brassinosteroids also play a crucial role in regulating the processes leading to 
senescence. The brassinolide promotes senescence in Xanthium and Rumex explants 
(Mandava et al, 1981). In addition to it, brassinosteroids also accelerate senescence in 
the detached cotyledons of cucumber seedlings (Zhao et al, 1990) and leaves of 
mung bean seedlings (He et al, 1996). However, brassinosteroid deficient 
Arabidopsis mutants exhibited delayed senescence of chloroplast (Li et al, 1996). 
Similarly, the senescence of the leaves of mungbean and mustard was delayed, if 
supplied with 28-homobrassinolide at early stage of growth (Fariduddin, 2002). 
During a search of senescence associated genes. He et al (2001) developed a 
preliminary model for leaf senescence regulating network in Arabidopsis, where 
signals such as abscissic acid, jasmonic acid, ethylene, darkness, dehydration and 
aging activated 147 senescence associated enhancer trap line. 24-epibrassinolide 
could activate some of these but associated genes have not yet been cloned. 
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2.2.6 Effect of brassinosteroids on photosynthesis 
The aqueous solution of 28-homobrassinolide, applied to the foliage of wheat and 
mustard (Sairam, 1994; Hayat et al, 2000; 2001a) or applied as seed soaking 
treatment to mungbean (Fariduddin et a/., 2003; 2004a) and dialkylamino-
ethylalkanoate or epibrassinolide, in association with GA3, to spinach enhanced the 
photosynthetic rate (Liang et al, 1998). Foliar spray of aqueous solution of BR to 
wheat and mustard (Braun and Wild, 1984), epibrasisnolide to seedlings of cucumber 
(Ding et al, 1995) and brasisnolide to rice (Fujii et al, 1991) increased the rate of 
CO2 assimilation. Likewise the foliar application of 24-epibrassinolide enhanced the 
light saturated net CO2 assimilation rate and carboxylation rate of rubisco, thereby 
increasing the capacity of CO2 assimilation in the calvin cycle (Yu et al, 2004). 
However, the epicotyl of cucumber, did not respond to epibrassinolide but the 
transport of the labeled ('"^ C) glucose towards the epicotyl was favoured (Kakajima 
and Toyama, 1995). Similarly, Hill activity in the foliage of Vigna radiata was 
favourably affected, on being supplemented with aqueous solution of 28-
homobrassinolide (Bhatia and Kaur, 1997). 
2.2.7 Effect of brassinosteroids on chlorophyll 
The total chlorophyll contents or its fractions increased in the leaves of Vigna 
radiata (Bhatia and Kaur, 1997) and Brassica juncea (Hayat et al, 2001a) by 28-
homobrassinolide and in Cucumis sativus (Yu et al, 2004) by epibrassinolide, applied 
directly to their foliage. Similarly, the values for the above parameters increased in 
the leaves of rice (Wang, 1997), Cicer arietimm (Fariduddin et al, 2000), Brassica 
juncea (Hayat and Ahmad, 2003b) and Vigna radiata (Fariduddin et al, 2003) raised 
from the seeds given pre sowing treatment with BRs. 
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2.2.8 Effect of brassinosteroids on carbonic anhydrase activity 
Carbonic anhydrase (CA) is the second most abundant soluble protein, other 
than RuBPcase, in Ca-chloroplast (Reed and Graham, 1981; Okabe et al, 1984). It is 
a zinc containing protein with a molecular weight of 180 Kda (Lawlor, 1987) and is 
ubiquitous enzyme, among living organisms. It catalyzes the reversible inter 
conversion of bicarbonates (HCOs') and CO2 (Sultemeyer et a/., 1993). The rate of 
conversion of HCO3' to CO2 is normally slow in alkaline conditions. However, CA 
activates the use of HCOs' in the production of CO2 (Lawlor, 1987). In C3 plants, CA 
has a close association with RuBPCase where it elevates the level of CO2 at its active 
site (Badger and Price, 1994). An increase in the activity of CA, in the leaves, was 
attained by the application of 28-homobrassinolide to the shoot of the Brassica juncea 
(Hayat et al, 2000, 2001a). Moreover, the seedlings of wheat and mungbean, raised 
from the grains treated with 28-homobrassinolide, possessed high CA activity in their 
leaves (Hayat et al, 2001 b; Fariduddin et al, 2003). 
2.2.9 Effect of brassinosteroids on nitrate reductase activity 
The process of reduction of nitrate is catalyzed by the enzyme, nitrate 
reductase, the level of which increased in the plants of rice (Mai et al, 1989), maize 
(Shen et al, 1990), water stressed, wheat (Sairam, 1994) Lens culinaris (Hayat and 
Ahmad, 2003 a, b), Vigna radiata (Fariduddin et al, 2004b) and wheat (Hayat et al, 
2001b) and in the seeds of wheat (Hayat and Ahmad, 2003c) by the application of 
BRs. 
2.2.10 Effect of brassinosteroids on tlie vascular tissue 
The first report of a role for BRs in the differentiation of vascular tissues came 
in 1991 (Clouse and Zurek, 1991). Jerusalem artichoke (Helianthus tuberosus) cells 
transferred to the xylem differentiation medium, in the presence of auxin and 
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cytokinins will differentiate into xylem elements in 72 - 96 hours. Very few vascular 
elements develop in the first 24 hours following transfer into this medium. However, 
nanomolar concentrations of BL included in the medium, resulted in a 10-fold 
increase in xylem differentiation, this was observed in the first 24 hours. Also 
significant increases in cell numbers were observed, indicating a role for BRs in cell 
division and differentiation (Clouse and Zurek, 1991). 
Zinnia elegans has been used extensively to study the formation of 
xylem/tracheary elements, a process that has three distinct stages (Fukuda, 1997). BRs 
have been implicated in the transition between Stage II, and Stage III where 
secondary wall formation and cell death occurs (Fukuda, 1997). It has previously 
been shown that the effects of uniconazole (a putative BR biosynthesis inhibitor) 
prevents differentiation of Zinnia mesophyll cells into tracheary elements and this 
inhibition was overcome by exogenous BR application (Iwasaki and Shibaoka, 1991). 
Uniconazole appears to suppress the transcription of genes involved in the final stages 
of differentiation but could be recovered by the exogenous application of BL 
(Yamamoto et al, 1997). This suggests that BRs are synthesised immediately prior to 
secondary cell wall development and cell death and possibly induces entry into this 
stage (Yamamoto et al, 1997). 
2.2.11 Effect of brassinosteroids on stressed plants 
Plants respond to abiotic and biotic factors in environment. These include 
heavy metals action, wounding, drought, high salt concentration, changes in 
temperature and light and pathogen and pest attack. Abiotic stress leads to a 
morphological, physiological, biochemical and molecular changes. Drought, salinity, 
extreme temperatures and oxidative stress are often interconnected, and may induce 
similar cellular damage. For example, drought and/or salinization are manifested 
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primarily as osmotic stress, resulting in the disruption of homeostasis and ion 
distribution in the cells. Oxidative stress, which frequently accompanies high 
temperature, salinity, or drought stress, may cause denaturation of functional and 
structural proteins. As a consequence, these diverse enviroimiental stresses often 
activate similar cell signalling pathways and cellular responses, such as the production 
of stress proteins, upregulation of antioxidants and accumulation of compatible 
solutes. Biochemical adaptation in plants involves various changes in the 
biochemistry of the cell. These changes include the evolution of new metabolic 
pathways, the accumulation of low molecular weight metabolites, the synthesis of 
special proteins, detoxification mechanisms and changes in phytohormone levels. 
Adaptation represents the ability of a living organism to fit into a changing 
environment, at the same time improving its chances of survival and reproducing 
itself 
2.2.11.1 Response to heavy metals stress 
Plants have a remarkable ability to take up and accumulate heavy metals from 
their exterior, for example aquatic environment. Metal contamination of the aquatic 
environment occurs as a result of human activities and affects organisms at the 
biochemical, cellular, community and population level. Aquatic plants are primary 
producers of most aquatic food chains and account for much of the production base of 
freshwater and marine ecosystems. They have been used to remove heavy metals 
from aquatic environments since they have a high capability for accumulating 
dissolved metals without dying. High concentrations of all metals, including those 
essential for growth and metabolism, exert toxic effects on the metabolic pathways of 
plants. Toxicity mechanisms include the blocking of functional groups of important 
molecules, e.g. enzymes, polynucleotides, transport systems for essential nutrients and 
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ions, displacement and/or substitution of essential ions from cellular sites, 
denaturation and inactivation of enzymes and disruption of cell and organellar 
membrane integrity. In addition, metals are also pointed to exert toxic effects through 
free radical formation, the phenomenon found to be least explored (Smirnoff, 1995). 
Heavy metal toxicity can elicit a variety of adaptive responses in plants. A ubiquitous 
mechanism for heavy metal detoxification is the chelation of the metal ion by a 
ligand. Such ligands include organic acids, amino acids, peptides and polypeptides. 
Peptide ligands include the phytochelatins (PC), small gene-encoded, cysteine-rich 
polypeptides. They are heavy metal-binding peptides derived from glutathione and 
have the general structure (g-Glu-Cys)n-Gly, where n has been reported as being as 
high as 11, but is generally in the range of 2-5. PC detoxifies intracellular metals by 
binding them through thiolate coordination (Cobbett and Goldsbrough, 2002). BRs 
stimulated the synthesis of PC in Chlorella vulgaris cells treated with lead. The 
stimulatory activity of BRs on PC synthesis may be sequenced as: brassinolide (BL) > 
24-epiBL > 28-homo-BL > castasterone (CS) > 24-epiCS > 28-homoCS (Bajguz, 
2003).The cultures of Chlorella vulgaris treated with BRs and heavy metals 
accumulated a lower level of heavy metals than those cultures treated with metals 
alone. The comparatively inhibitory effect of BRs in association with different heavy 
metals on their accumulation is in the following order: zinc > cadmium > lead > 
copper. A stimulatory effect of BRs after blocking the accumulation of heavy metals 
on the growth and development of Chlorella vulgaris occurs. Application of BRs to 
Chlorella vulgaris cultures reduced the impact of heavy metals stress on growth, 
prevented chlorophyll, sugar and protein loss and increased PC synthesis. 
Concentration-dependent stimulation was observed with increasing concentration of 
BR and decreasing concentration of heavy metals (Bajguz, 2000; 2002). BRs also 
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reduced the content of cadmium in the seedlings of winter rape (Janeczko et al., 2005) 
and copper in Indian mustard (Sharma and Bhardwaj, 2007). BR eliminates the toxic 
effect of cadmium on photochemical pathways in rape cotyledons, mainly by 
diminishing the damage in reaction centres and O2 evolving complexes as well as 
maintaining efficient photosynthetic electron transport (Janeczko et al, 2005). The 
accumulation of heavy metals (cadmium, copper, lead and zinc) under the influence 
of BR has been studied for different agricultural plants such as barley, tomato, radish 
and sugar beet. It was found that the application of 24-epiBL significantly reduced the 
metal absorption; for example, the content of lead in beet roots was more than 50% 
lower than in the control culture (Khripach et al, 1999). Moreover, Bilkisu et al. 
(2003) reported that brassinolide (BL) during aluminium-related stress stimulated 
growth in Phaseolus aureus. It was shown that changes in the ions/metal content were 
influenced by 24-epiBL and dependent on the stage of plant development, grown 
from the treated seeds. The application of BRs also improved the performance of 
mustard (Hayat et al., 2007 a), chickpea (Hasan et al., 2008) subjected to cadmium 
stress and also of mimgbean (Ali et al., 2008 a) and mustard (Alam et al., 2007) 
exposed to aluminium and nickel, respectively. Hasan et al. (2008) reported that BRs 
enhanced the activity of antioxidant enzymes (catalase, peroxidase and superoxide 
dismutase) and proline content. Significant correlation with the degree of 
improvement, which was measured in terms of nodulation, nitrogen fixation, pigment 
composition, carbonic anhydrase and nitrate reductase activities (Hasan et al., 2008) 
were also reported. A similar pattern of response together with an elevation in the 
photosynthesis was observed in the plants of mustard exposed to cadmium supplied 
with the nutrient medium (Hayat et al, 2007 a). The foliar spray of either with 24-
epiBL or 28-homoBL significantly enhanced the growth, photosynthesis, level of 
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antioxidant enzymes and proline in aluminium stressed mungbean plants (Ali et al, 
2008 a). The activities of the enzymes catalase, peroxidase, carbonic anhydrase and 
nitrate reductase also increased in mustard plants grown under nickel stress (Alam et 
al, 2007). These plants also exhibited an elevation in the relative water content and 
photosynthetic performance. Ali et al. (2008b) also reported that 24-epiBL enhanced 
the level of antioxidant system (superoxide dismutase, catalase, peroxidase and 
glutathione reductase and proline), both under stress and stress-free conditions. The 
influence of 24-epiBL on the antioxidant system was more pronounced under stress 
situation, suggesting that the elevated level of antioxidant system, at least in part, 
increased the tolerance of mustard plants to saline and/or nickel stress, and thus 
prevented damage in the photosynthetic machinery and plant growth. One of the 
mechanisms for the metal removal is biosorption. This mechanisms is generally based 
on physico-chemical interactions between metal ions and the functional groups 
present on the cell surface, such as electrostatic interactions, ion exchange and metal 
ion chelation or complexation. Functional groups most commonly implicated in such 
interactions include carboxylate, hydroxyl, amine and phosphoryl groups present 
within cell wall components such as polysaccharides, lipids and proteins. The binding 
process is independent of metabolism and hence, of a physical nature. It is usually 
rapid and reversible. In addition, biosorption can be affected by pH and the presence 
of other ions in the medium which may precipitate heavy metals as insoluble salts, but 
it is unaffected by metabolic inhibitors or light/ dark cycles (Vilchez et al, 1997). 
Water pH is also an important factor directly affecting the toxicity of metals in algae, 
for example unicellular Chlorella sp. It is known that heavy metal toxicity decreases 
with decreasing pH. Acidity or alkalinity of the medium can, in turn, moderate the 
toxicity of heavy metals (copper, lead, cadmium or zinc). Lower pH may increase the 
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bioavailability of metal ions resulting in increased toxicity. BR-induced Chlorella 
vulgaris growth stimulation depends at least partly on the decrease of pH in the wall 
space, and thus on acid-induced wall loosening. The effects of BRs on proton 
secretion are associated with an early hyperpolarization of the transmembrane 
electrical potential. BR-induced proton excretion is also stimulated by the presence of 
K"^  in the medium (Bajguz, 2000) 
2.2.11.2 Response to saline stress 
The application of 24-epiBL resulted in substantial improvement in seed 
germination and seedling growth of Eucalyptus camaldulensis under saline stress. 
Seed germination in the presence of 150 mM NaCl was enhanced by 24-epiBL, but 
when seedlings were grown hydroponically in salt, uptake of 24-epiBL through roots 
caused more damage (Sasse et ai, 1995). BRs removed the salinity-induced inhibition 
of seed germination and seedling growth in case of Oryza sativa. BRs also restored 
the level of chlorophylls and increased nitrate reductase activity under salt stress. The 
activity of this enzyme plays a pivotal role in the supply of nitrogen and the growth 
and productivity of plants, especially in cereals. The reduced nitrate reductase activity 
in the leaves of salt-stressed plants is attributed to salinity inhibited nitrate transport to 
the shoot, which in turn is due to interference with nitrate uptake and xylem loading 
(Anuradha and Rao, 2003). Likewise, seed soaking of 28-homoBL enhanced the 
nitrogen fixing capability in chickpea plants pre-treated with NaCl (Ali et ai, 2007). 
The plants also showed increased dry matter accumulation, together with an increase 
in the activities of nitrate reductase and carbonic anhydrase. 28-homoBL treated 
plants also possessed higher seed yield in comparison to the plants subjected to NaCl 
stress, at harvest. Similarly the spray of 28-homoBL to the foliage or supplied through 
roots of Brassica juncea plants, generated from the seeds soaked in NaCl, enhanced 
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growth, nucleic acid content, ethylene production and seed yield (Hayat et al., 2006; 
2007a, b). Wheat germ agglutinin (WGA), a classic cereal lectin, level is increased in 
plants under unfavourable conditions: fungal infection, drought and osmotic stress, 
salinity and hyperthermia. ABA is involved in the control of WGA synthesis and 
accumulation. It was demonstrated that BRs did not influence the ABA content but 
enhanced only the accumulation of lectin under salt stress in the roots of Triticum 
aestivum. This indicates the possibility of ABA-independent control of the lectin 
content by BRs. Salt treatment resulted in rapid ABA accumulation, which occurred 
prior to 5-fold increase in the level of lectin. On the other hand, combined treatment 
BRs with NaCl resulted in partial growth recovery as compared to NaCl alone. BRs 
reduced the salinity-induced accumulation of BRs and WGA in roots by 50%. 
Possibly BRs could be involved in the hormonal control of WGA level along with 
ABA. BRs evidently exert a protective action on wheat seedlings via a decrease in the 
salt-induced ABA and WGA accumulation in roots (Shakirova and Be2xukova, 1998; 
Shakirova et al, 2002). 
2.2.11.3 Response to thermal stress 
The lamina-inclination test is frequently used to evaluate the activity of 
brassinosteroids. BRs promoted the cell elongation in rice seedlings at a low 
temperature (15°C). On the other hand, the effect of indole-3-acetic acid (lAA) on the 
cell elongation was markedly lowered, while the combination of BRs and lAA 
synergistically promoted the cell elongation. Treatment with BRs also enhanced the 
germination rate of seeds and the growth after direct sowing in submerged paddy pots 
at low temperature. Furthermore, leaf spraying of BRs on the rice seedlings at the four 
leaf stage increased plant height and the fresh weights of tops and roots under chilling 
stress. BR sprayed on the completely expanded 4th leaves did not increase their blade 
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length, but sprayed on the expanding S"' and 6th leaves strikingly increased their blade 
length. 
These results show that BRs are more effective in protecting old rice leaves 
against cold stress (Hotta et al, 1998; Fujii and Saka, 2001). Similarly ability of BRs 
to improve seed germination and seedling growth of. Zea mays (He et al., 1991) and 
Cucumis sativus (Khripach and Zhabinskii, 1999) under chilling stress has been 
reported earlier. Extreme temperatures (7 and 34 °C) increased stress symptoms, i.e. 
necrotic areas on the leaves of bananas. However, in plants treated with a 
trihydroxylated spirotane analogue of BR the effects of thermal stress were 
significantly reduced. Cool temperature affected leaf emergence with a significant 
reduction in their number, but application of BR analogue had marked positive effect. 
Plant height was also significantly reduced by both temperature extremes, whereas the 
application of BR analogue was effective only in plants exposed to the warmer 
temperature (Gonzalez-Olmedo et al, 2005). Application of 24-epiBL minimally 
increased freezing tolerance of bromegrass {Bromus inermis) cells at 3-5 °C, but 
markedly enhanced cell viability following the exposure to high (40-45 °C) 
temperature stress. The net effect on hardening was less than that obtained with ABA. 
Treatment of cells with 24-epiBL increased the accumulation of a subset of ABA-
inducible heat-stable proteins. However, unlike ABA, 24-epiBL did not induce the 
expression of dehydrin transcripts which hybridized to a barley dehydrin clone. 
Furthermore, 24-epiBL slightly increased hsp 90 transcript levels, while ABA reduced 
the level of expression. These results confirm that 24-epiBL confers some stress 
tolerance to plant cells and ftirther suggest that the mechanisms by which these 
compounds exert anti-stress effects may only in part be similar to that of ABA (Wilen 
et al, 1995).Treatment of Brassica napus and tomato seedlings with 24-epiBL leads 
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to an increase in the basic thermotolerance. It resulted in accumulation of four major 
classes of heat-shock proteins (hsps)-hsplOO, hsp90, hsp70, and low-molecular-
weight hsps-as compared to untreated seedlings. The higher level of hsps in 24-
epiBL-treated seedlings did not correlate with hsp mRNA levels during the recovery 
period. This suggests that 24-epiBL treatment limits the loss of some of the 
components of the translational apparatus during a prolonged heat stress and increases 
the level of expression of some of the components of the translational machinery 
during recovery. It correlates with higher hsp synthesis during heat stress, a more 
rapid resumption of cellular protein synthesis following heat stress, and a higher 
survival rate (Dhaubhadel et al, 1999; 2002). 24-epiBL also induced the expression 
of mitochondrial small hsps in tomato leaves. Significantly higher in vitro pollen 
germination, enhanced pollen tube growth and low pollen bursting have been 
observed in the presence of 24-epiBL at 35 °C, a temperature high enough to induce 
heat-stress symptoms in tomato, indicating a possible role of BR during plant growth 
and reproduction. The beneficial effect of BR application was also observed in fruit 
yield, which was increased during heat-stressed conditions. This increase in finit yield 
was mainly due to increase in fruit number by 24-epiBL application (Singh and 
Shono, 2005).The effects of high-temperature stress in BR-treated and untreated 
wheat leaves were examined at the level of total protein synthesis and leaf cell 
ultrastructure. Protein synthesis was maintained in BR-treated leaves at 43 °C at levels 
similar to those at 23 °C, whereas in untreated leaves it decreased by 2.5-fold at 43 "C 
as compared to samples at the control temperature (Kulaeva et al, 1991). During heat 
stress in plants, small hsps aggregate to produce highly ordered cytoplasmic 
complexes referred to as heat shock granules (HSGs). It is believed that HSGs 
represent storage and protection sites for housekeeping mRNPs, which are released 
following removal of stress (Kulaeva et al, 1991). It has been also observed that 
HSGs in wheat leaf cells aggregated in small clusters. The average number of HSGs 
in clusters and the average cluster size were both higher in BR-treated leaves than 
untreated wheat leaves (Kulaeva et al, 1991). Kagale et al. (2007) showed that 
although BR can augment tolerance to heat stress, it is not essential for hsp expression 
during heat stress treatments in BR-deficient Arabidopsis mutants (det2-l and dwf4). 
It suggests that BR deficiency itself is a form of cellular stress or a developmental 
state that leads to activation of the hsp genes. Since hsps are also expressed in 
response to developmental and other stress signals. Probably HSP activation in the 
absence of stress in BR-deficient must occur via other hormones and signaling 
components. BR not only significantly promoted epicotyl elongation of mung bean, 
but also allowed the plant to partially recover from the growth-inhibiting effects of 
chilling. Using proteomics, it has been identified some down-regulated proteins that 
were re-up-regulated after BR treatment under chilling conditions. Most of these 
proteins were predicted to be involved in cell growth, wall formation, ATP 
production, the stress response, and methionine assimilation. However, the cross-talk 
between BR's action and methionine's is minimal. Therefore, the possible 
involvement of methionine assimilation downstream of BR's action may be 
considered a novel project for future research (Huang et al, 2006). 
2.2.12 Effect of brassinosteroids on yield of crops 
Once the presence of brassinosteroids in plants was established the next phase 
was to explore the possibilities of using these new substances in improving the yield 
of economically useful plants. Meudt and his associates (Meudt et a/., 1983; 1984) 
used brassinolide to improve the yield of lettuce, radish, bush bean and pepper. Foliar 
application of dilute aqueous solution of brassinolide improved the yield in wheat and 
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mustard (Braun and Wild, 1984), rice, com and tobacco (Yokota and Takahashi, 
1986). Brassinosteroids were also found to increase the growth and yield of sugarbeet 
(Schilling et al., 1991), legumes (Kamuro and Takatsuto, 1991) and rape seed (Hayat 
et al., 2000; 2001b). Application of 28-homobrassinoIide and 24-epibrassinolide 
significantly increased yields of potato, mustard, rice and cotton (Ramraj et al., 1997), 
Lens culinaris (Hayat and Ahmad, 2003a, b), Vigna radiata (Fariduddin et al, 2003) 
and that of com, tobacco, watermelon, cucumber and grape (Ikekawa and Zhao, 1991) 
respectively. Foliar application of brassinolide, 24-epibrassinolide (Vardhini and Rao, 
1997) and 28-homobrassinolide (Vardhini and Rao, 1998) was highly effective in 
enhancing the yields of groundnut and tomato (Vardhini and Rao, 2001). Moreover, 
in China, 28-homobrassinolide has been registered as a plant growth regulator in case 
of tobacco, sugarcane, rapeseed and tea. 
2.2.13 Future prospects of brassinosteroids 
Forty years of research, on brassinosteroids has brought into light several vital 
functions of this class of phytohormones in the regulation of plant growth, 
development and productivity. Further progress in the investigation of mechanism of 
BRs action in plants, on one hand, and elaboration of economically feasible schemes 
of synthesis of natural BRs and their analogs, on the other hand, will surely make a 
basis for the inclusion of this new class of plant hormones in the regular package of 
chemicals used for optimizing agricultural production. Hopefully, as the research will 
progress, much more knowledge will be added to the present literature. It has been 
stated earlier that the application of these steroids to plants generates varied physio-
morphological changes by involving the genome and also do not initiate co-evolution 
of pests, enriching our arsenal of plant protection strategies, in the twenty first 
century. Moreover, the knowledge of the physical and chemical properties of these 
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steroids is tempting us to consider them highly promising, environment friendly and 
promoter of agricultural productivity. One of the major constraints, to employ 
brassinosteroids at larger scale, in the fields is their high cost. However, recent 
progress, in chemical synthesis of brassinosteroids and their analogues has led us to 
economically feasible approaches that has brought large scale application very near to 
the reach of the farmers. Pesticidal companies in China and Japan have started 
synthesizing brassinosteroids, on a commercial scale. In India, also Godrej Agrovet 
Ltd., Mumbai, introduced 28-homobrassinolide in the market. We predict a better 
future for brassinosteroids in realizing crop yields, during the 21^^ century. 
2.3 Concluding remarks 
The available literature reviewed above revels that cadmium is extremely toxic 
to plants that retards growth, metabolism and yield of plants. On the other hand 
brassinosteroids has been emerged out as a new phytohormone that had a promoting 
effect on the general physiology of plants, but not much attention has been given to 
the impact of BRs on the stressed plants. Therefore, this study was planned to observe 
the effect of brassinosteroids on the cadmium induced changes in Lycopersicon 
esculentum. 
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MATERIAL AND METHODS 
Seeds of tomato {Lycopersicon esculentum) varieties K-25, K-21, NTS-9, 
Kaveri, NBR-Uday, Swamodya, Sarvodya, NBR-Uttam, Malti and S-22 were used as 
a test material. Six pot experiments were conducted during 2006-2008, to study the 
response of tomato to cadmium chloride (CdCl2) and/or aqueous solution of 
brassinosteroids (28-homobrassinolide and 24-epibrassinolide) at selected stages of 
growth. The comprehensive details of the material used and the methodologies 
adopted, during the course of the present investigation are presented in this chapter. 
3.1 Seeds 
The authentic seeds oi Lycopersicon esculentum varieties K-25, K-21, NTS-9, 
Kaveri, NBR-Uday, Swamodya, Sarvodya, NBR-Uttam, Malti, and S-22 were 
obtained from National Seed Corporation Ltd, New Delhi, India. Before the start of 
each experiment, the healthy seeds of uniform size were tested for their per cent 
viability. Mercuric chloride solution (0.01%) was used for surface sterilization of 
seeds. This was followed by rinsing the seeds with double distilled water (DDW), at 
least thrice, to remove the adhering solution of the mercuric chloride. 
3.2 Preparation of pots 
Each earthen pot (25 x 25) was filled with equal quantity of sandy loam soil 
mixed with farmyard manure in a ratio of 9:1. The pots were arranged in a simple 
randomized block design in a net-house. 
3.3 Hormone and their preparation 
28-homobrassinolide (HBL) and epi-brassinolide (EBL) were obtained from 
Godrej Agrovet Ltd. Mumbai and Sigma Chemicals, USA, respectively. lO'^M stock 
solution was prepared by dissolving required quantity of the hormone in 5 cm of 
ethanol, in 100 cm^ volumetric flasks. 5 cm^ surfactant "Tween-20" was added to it 
and final volume was made upto the mark by using DDW. The desired concentrations 
of HBL or EBL were prepared by the dilution of stock solution. 
3.4 Experiment 1 
This experiment was laid down according to randomized block design during 
the winter season (September to February) of 2006-2007. The surface sterilized seeds 
of tomato {Lycopersicon esculentum) varieties K-25, K-21, NTS-9, Kaveri, NBR-
Uday, Swamodya, Sarvodya, NBR Uttam, Malti and S-22 were treated in the 
following manner: 
(A) The seeds were soaked in the solution of CdCb (50, 100 or 150 jiiM) for 4 hours. 
(B) The seeds were soaked in the solution of CdCb (50, 100 or 150 \M) for 8 hours. 
(C) The seeds were soaked in the solution of CdCh (50, 100 or 150 ^M) for 12 
hours. 
(D) The seeds were soaked in DDW for 4, 8 or 12 hours to be used as control. 
(E) The seeds were left unsoaked to be used as a dry control. 
The treated seeds were sown in earthen pots to create the nursery. At 20 days 
after sowing (DAS) these treated seedling were subsequently transplanted to the 
maintained pots, under similar conditions as in case of nursery pots. Each treatment 
was replicated thrice. Irrigation was done with tap water as and when required. The 
plants were sampled at 30 DAS to study the following parameters. 
1. Length of root and shoot per plant 
2. Fresh and dry mass of root and shoot per plant 
3. Leaf area 
4. SPAD chlorophyll 
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5. Net photosynthetic rate 
6. Stomatal conductance 
7. Internal CO2 concentration 
8. Water use efficiency 
9. Transpiration rate 
10. Leaf water potential 
11. Leaf nitrate reductase activity 
12. Leaf carbonic anhydrase activity 
13. Leaf peroxidase activity 
14. Leaf catalase activity 
15. Leaf superoxide dismutase activity 
16. Leaf proline content 
3.5 Experiment 2 
This experiment was conducted according to randomized block design during 
the winter season (September to February) of 2007-2008. The surface sterilized seeds 
of tomato (Lycopersicon esculentum) varieties K-25 (resistant variety) and Sarvodya 
(sensitive variety) that were selected on the basis of the first experiment and were 
soaked in lOOfiM CdCl: or DDW for 8 hours. These treated seeds were sown in 
earthen pots to create nursery. At 20 DAS, these seedlings were subsequently 
transplanted to the maintained pots. These seedlings were treated as follows: 
(A) The foliage of fifty nine day old seedlings raised from the seeds soaked in DDW 
for 8 hours was sprayed with DDW, to be used as control. 
(B) The foliage of fifty nine day old seedlings raised from the seeds soaked in DDW 
for 8 hours was sprayed with aqueous solution of HBL (10'^ M) or EBL (lO'^M). 
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(C) The foliage of fifty nine day old seedlings raised from the seeds soaked in 100 
Q 
|uM CdCla for 8 hours was sprayed with DDW or aqueous solution of HBL (10" 
M)orEBL(lO-^M). 
The concentration and duration of CdCb was selected on the basis of 
experiment 1 and HBL and EBL on the basis of our earlier study (Aii et al, 2006). 
Irrigation was done with tap water as and when required. The plants were sampled at 
60 and 90 DAS and the characteristics studies were same as in experiment 1. All the 
other experiment conditions were same as that of experiment I. 
The remaining plants were grown upto maturity and were harvested at 180 DAS 
to study the yield characteristics as follows: 
1. Number of fruits 
2. Fruits yield 
3. Fruit lycopene content 
4. Fruit p-carotene content 
5. Fruit ascorbic acid 
3.6 Experiment 3 
This experiment was laid down according to randomized block design, during 
the winter season (September to February) of 2007-2008. The surface sterihzed seeds 
of tomato {Lycopersicon esculentum) varieties, K-25 (resistant variety) and Sarvodya 
(sensitive variety) were soaked in 100 [iM CdCh or DDW for 8 hours to create the 
nursery and divided in the following sets: 
(A) Twenty-day old seedling raised from the seeds soaked in DDW for 8 hours were 
percolated with DDW through their root, for 15 min at a rate of 20 cm^ per 
seedling, at the time of transplanting and to be used as control. 
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(B) Twenty-day old seedling raised from the seeds soaked in 100 ^M CdCb for 8 
hours were percolated with DDW or aqueous solution of HBL (10' M) or EBL 
(10"^M) through their root for 15 min at the time of their transplantation at a rate 
of 20 cm^ per seedling. 
(C) Twenty-day old seedling raised from the seeds soaked in DDW for 8 hours were 
percolated with the aqueous solution of HBL (lO'^M) or EBL (lO'^M) through 
their root for 15 min at the time of their transplantation at a rate of 20 cm per 
seedling. 
These treated seedlings were subsequently transplanted to the maintained pots 
under similar condition as in case of nursery pots. Each treatment was replicated 
thrice. Irrigation was done with tap water as and when required. The concentration 
and time of root application was based on our earlier study (Ali et al, 2006). The 
plants sampled at 60, 90 and 180 DAS to study the characteristics mentioned in 
experiment 1 and experiment 2. 
3.7 Experiment 4 
This experiment was laid down according to randomized block design, during 
the winter season (September-February) of 2006-2007. The surface sterilized seeds of 
tomato {Lycopersicon esculentum) varieties K-25, K-21, NTS-9, Kaveri, NBR-Uday, 
Swarnodya, Sarvodya, NBR-Uttam, Malti and S-22 were treated in the following 
manner to create the nursery: 
(A) Seeds were sown in the pots containing 0 mg CdCl2/kg of soil 
(B) Seeds were sown in the pots containing 3 mg CdC^/kg of soil 
(C) Seeds were sown in the pots containing 6 mg CdCl2/kg of soil 
(D) Seeds were sown in the pots containing 9 mg CdCl2/kg of soil 
(E) Seeds were sown in the pots containing 12 mg CdC^/kg of soil 
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At 20 DAS these treated seedling were subsequently transplanted to the 
maintained pots under similar conditions as in case of nursery pots. Each treatment 
was replicated tlirice. Irrigation was done with tap water as and when required. The 
plants were sampled at 60 and 90 DAS and the characteristics studied were same as in 
Experiment 1. 
3.8 Experiment 5 
This experiment was conducted according to randomized block design during 
the winter season (September-February) of 2007-2008. The surface sterilized seeds of 
tomato (Lycopersicon esculentum) varieties K-25 (resistant variety) and Sarvodya 
(sensitive variety) that were selected on the basis of the experiment 4 were sown in 
the pots containing 3, 6, 9, or 12 mg kg"' CdCli to create the nursery. At 20 DAS 
these treated seedlings were subsequently transplanted to the maintained pots under 
similar conditions as in case of nursery pots. These seedlings were treated as follow: 
(A) The foliage of the fifty nine day old seedling raised from the seeds sown in the 
pots containing 3 mg CdCl2/kg of soil or 6 mg CdC^/kg of soil or 9 mg 
CdCl2/kg of soil or 12 mg CdC^/kg of soil was sprayed with DDW to be used 
as control. 
(B) The foliage of the fifty nine day old seedlmg raised from the seeds sown in the 
pots containing 3 mg CACXilkg of soil was sprayed with aqueous solution of 
HBL(10%)orEBL(10"^M). 
(C) The foliage of the fifty nine day old seedling raised from the seeds sown in the 
pots containing 6 mg CdCl2/kg of soil was sprayed with aqueous solution of 
HBL(10-^M)orEBL(10%). 
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(D) The foliage of the fifty nine day old seedling raised from the seeds sown in the 
pots containing 9 mg CdCl2/kg of soil was sprayed with aqueous solution of 
HBL(10'^M)orEBL(10-^M). 
(E) The foliage of the fifty nine day old seedling raised from the seeds sown in the 
pots containing 12 mg CdC /^kg of soil was sprayed with aqueous solution of 
HBL(10-^M)orEBL(10-^M). 
Each treatment was replicated thrice. Irrigation was done with tap water as and when 
required. These plants were sampled at 60, 90 and 180 DAS and the characteristics 
studied were same as in case of experiment 2. 
3.9 Experiment 6 
This experiment was laid down according to randomized block design during 
the winter season (September-February) of 2007-2008. The surface sterilized seeds of 
tomato {Lycopersicon esculentum) varieties K-25 (resistant variety) and Sarvodya 
(sensitive variety) were treated in the following maimer: 
(A) Twenty-day old seedlings raised from the seeds sovm in the pots containing 3 
mg CdC^/kg of soil or 6 mg CdCb/kg of soil or 9 mg CdCl2/kg of soil or 12 mg 
CdCh/kg of soil were percolated with DDW through their roots for 15 min at 
the rate of 20 cm per seedlings at the time of their transplantation. 
(B) Twenty-day old seedlings raised from the seeds sown in the pots containing 3 
mg CdCli/kg of soil were percolated with the aqueous solution of HBL (lO'^ M) 
or EBL (lO'^ M) through their roots for 15 min at the rate of 20 cm^ per seedlings 
at the time of their transplantation. 
(C) Twenty day old seedlings raised from the seeds sown in the pots containing 6 
mg CdCli/kg of soil were percolated with the aqueous solution of HBL (lO'^ M) 
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or EBL (lO'^M) through their roots for 15 tnin at the rate of 20 cm^ per seedlings 
at the time of their transplantation. 
(D) Twenty day old seedlings raised from the seeds sown in the pots containing 9 
mg CdCli/kg of soil were percolated with the aqueous solution of HBL (10' M) 
or EBL (lO'^M) through their roots for 15 min at the rate of 20 cm^ per seedlings 
at the time of their transplantation. 
(E) Twenty-day old seedlings raised from the seeds sown in the pots containing 12 
mg CdC^/kg of soil were percolated with the aqueous solution of HBL (10" M) 
or EBL (lO'^M) through their roots for 15 min at the rate of 20 cm^ per seedlmgs 
at the time of their transplantation. 
Control plants were maintained by sowing the seeds in earthen pots to create 
the nursery. At 20 DAS, these treated seedlings were subsequently transplanted to the 
maintained pots under similar conditions as in case of nursery pots. Each treatment 
was replicated thrice. Irrigation was done with tap water as and when required. The 
plants were sampled at 60, 90 and 180 DAS and the characteristics studied were the 
same as in experiment 2. 
3.10 Parameters 
The methods applied to assess each parameter are described below: 
3.10.1 Growth characteristics 
3.10.1.1 Root and shoot length 
The whole mass of soil from each pot was pulled out and dipped in a bucket 
filled with water to uproot the plants with intact roots. The plants were gently moved 
to remove the soil particles. This was followed by washing under running tap water. 
The length of root and shoot was measured by using a meter scale. 
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3.10.1.2 Fresh and dry mass of root and shoot 
The root and shoot of each plant were weighed separately to record their fresh 
mass. These were subsequently transferred to an oven run at 80°C and left there for 24 
hours. The root and shoot were again weighed separately to record their dry mass. 
3.10.1.3 Leaf area 
It was determined by gravimetric method where the leaf area of randomly 
selected leaves from each treatment, was determined by tracing its outline on the 
graph sheet. 
3.10.2 Biochemical analysis 
3.10.2.1 SPAD chlorophyll value 
The SPAD chlorophyll value, at each selected stage, was measured in fully 
expanded leaves of the sample plants by using Minolta chlorophyll meter (SPAD-502; 
Konica Minolta Sensing Inc. Japan). 
3.10.2.2 Photosynthesis and related attributes 
Net photosynthetic rate, stomatal conductance, water use efficiency, 
transpiration rate, internal CO2 concentration at each selected stage, was measured in 
fully expanded leaves of the sample plants by using LI COR-6400, portable 
photosynthesis system (Nebraska, USA). All the measurements were made on 
cloudless days between 11 ;00 to 13:00 solar time. 
3.10.2.3 Leaf carbonic anhydrase activity 
The carbonic anhydrase activity (E.C.4.2.1.1) in fresh leaf samples was 
measured by following the method described by Dwivedi and Randhawa (1974). 
The fresh leaf samples were cut into small pieces at a temperature below 25°C. 
200 mg of these leaf pieces was weighed and transferred to petriplate. The leaf pieces 
were further cuts into fine pieces in 10 cm^ of 0.2M cystein hydrochloride (Appendix 
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1.1) and were left at 4°C for 20 minutes. The leaf pieces were blotted and transferred 
to a test tube containing 4 cm of phosphate buffer of pH 6.8 (Appendix 1.2). To this 
test tube, 4 cm of 0.2M sodium bicarbonate (Appendix 1.3) solution and 0.2 cm of 
0.002% bromothymol blue (Appendix 1.4) were added. The test tube was shaken 
gently and left at 4°C for 20 minutes. CO2 liberated by the catalytic action of carbonic 
anhydrase on NaHCOa was estimated by titrating the reaction mixture against 0.05N 
HCl (Appendix 1.5) using methyl red as an indicator (Appendix 1.6). The volume of 
HCl used to develop light purple colour persisting for at least five seconds was noted. 
A blank consisting of all the above components of the reaction mixture except the leaf 
sample was run simultaneously with each set of the samples. The activity of enzyme 
was calculated by putting the values in the formula: 
V x 2 2 x N 
Carbonic anhydrase activity = [mol (CO2) kg'' (leaf fresh mass) s"'] 
W 
V = Difference in volume (cm^ of HCl used, in control and test sample 
titrations) 
22 = Equivalent weight of CO2 
N = Normality of HCl 
W = Fresh mass of tissue used 
3.10.2.4 Leaf nitrate reductase activity 
The activity of nitrate reductase (E.C.I.6.6.1) was measured following the 
method laid down by Jaworski (1971), in fresh leaf samples. 
The leaves were cut into small pieces (1 cm^). 200 mg of these chopped leaves 
was weighed and transferred to plastic vials. To each vial 2.5 cm^ of phosphate buffer 
(pH 7.5) (Appendix 2.1) and 0.5 cm^ of potassium nitrate solution (Appendix 2.2) 
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were added, followed by the addition of 2.5 cm^ of 5% isopropanol (Appendix 2.3). 
These vials were incubated in a BOD incubator for 2 h at 30 ± 2°C in dark. 0.4 cm^ of 
the incubated mixture was taken in a test tube to which 0.3 cm each of 
sulphanilamide solution (Appendix 2.4) and n-1-nepthyl-ethylendiamin (NED-HCl) 
(Appendix 2.5) was added. The test tube was left for 20 minutes, for maximum colour 
development. The mixture was diluted to 5 cm^ by using DDW. The absorbance was 
read at 540 nm on spectrophotometer (Milton & Roy, USA). A blank was run 
simultaneously with each sample. Standard curve was plotted by using known graded 
concentrations of NaN02 (sodium nitrite) solution. The absorbance of each sample 
was compared with that of the calibration curve and nitrate reductase (NR) activity 
(nM NO2 g'' fresh mass h'') was calculated. 
3.10.2.5 Antioxidant enzymes 
500 mg of leaf tissue was homogenized in 5 cm^ of 50 mM phosphate buffer 
(pH 7.0) containing 1% polyvinyl pyrolidone. The homogenate was centriftiged at 
15,000 rpm for 10 minutes at 5°C and the supernatant obtained was used as extract for 
peroxidase, catalase and superoxide dismutase. 
3.10.2.5.1 Leaf peroxidase activity 
The activity of peroxidase (E.G. 1.11.1.7) was measured following the method 
laid down by Chance and Maehly (1956) in fresh leaf samples. 3 cm^ of pyrogallol 
phosphate buffer (Appendix 3.1), 0.1 cm^ of enzyme extract and 0.5 cm^ of 1% H2O2 
were mixed in a cuvette and a chnge in absorbance, at 20 seconds interval for a period 
of 3 minutes was read at 420 nm on a spectrophotometer. The control set was 
prepared by boiling the enzyme extract. 
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3.10.2.5.2 Leaf catalase activity 
The activity of catalase (E.C. 1.11.1.6) was measured, following the method laid 
down by Chance and Maehly (1956). The estimation of catalase was done by the 
permanganate titration method. 3 cm'^  of phosphate buffer (pH 6.8) (Appendix 4.1), 1 
cm^ of 0.1 M H2O2 (Appendix 4.2) and 1 cm^ of en2yme extract were mixed and this 
mixture was incubated at 25°C for 1 minute. Then 10 cm^ of 2% H2SO4 (Appendix 
4.3) was added. The mixture was titrated against O.IN potassium permanganate 
(Appendix 4.4) to find the residual H2O2 until a purple colour persists for at least 15 
sec. Similarly, a control set was maintained in which the enzyme activity was stopped 
by the addition of H2SO4, prior to the addition of enzyme extract. 
3.10.2.5.3 Leaf superoxide dismutase activity 
The activity of superoxide dismutase (E.C. 1.15.1.1) was measured by the 
method of Beuchamp and Fridovich (1971) in the fresh leaf sample. A 3 cm of 
reaction mixture containing 1 ml of 50 mM phosphate buffer (pH 7.8) (Appendix 5.1), 
0.5 cm of 13 mM methionine (Appendix 5.2), 0.5 cm of 75 mMnitrobluetetrazelium 
(NBT) (Appendix 5.3), 0.5 cm^ of 2 mM riboflavin (Appendix 5.4), 0.5 cm^ of 0.1 
mM EDTA (Appendix 5.5) and 0.1 cm of enzyme extract was made. Riboflavin was 
added in the last. The absorbance of reaction mixture was read at 560 nm on a 
spectrophotometer. 
3.10.2.6 Proline content 
The proline content in the fresh leaf sample was measured by following the 
method described by Bates et al. (1973). 0.5 g of fresh leaf sample was homogenized 
in mortar with 5 cm'^  of 3% sulphosalicylic acid (Appendix 6.1). The homogenate was 
filtered through Whatman filter paper No. 2 and collected in a test tube with two 
washings each with 5 cm^ of sulphosalicylic acid. 2 cm^ each of glacial acetic acid 
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and acid ninhydrin (Appendix 6.2) was added to 2 cm^ of the above extract. This 
mixture was heated in boiling water bath for 1 h. The reaction was terminated by 
transferring the test tube to ice-bath. 4 cm"^  of toluene was mixed to the reaction 
mixture with vigorously shaking for 20-30 seconds. The chromophore (toluene) layer 
was aspirated and warmed to room temperature. The absorbance of red colour was 
read at 520 nm against a reagent blank. The amount of proline in the sample was 
calculated by using a standard curve prepared from pure proline (range 0.1 - 36 |i 
mol) and expressed on fresh mass basis of the sample. 
^ g proline cm" x cm' toulene 5 
|i moles of proline g'' tissues = x 
115.5 g (sample) 
where 115.5 is the molecular mass of proline. 
3.10.2.7 Leaf water potential 
Leaf water potential, at each selected stage, was measured in fresh, detached 
leaves of the sample plants by using PSYPRO, water potential system (WESCOR, 
Inc. Longman, USA). 
3.10.2.8 Lycopene content 
Tomato fruits (3-4 in number) were pulped well to a smooth consistency m a 
warning blender. 5-10 g of this pulp was repeatedly extracted with acetone by using a 
warming blender until the residue become colourless. Pooled the acetone extracts and 
transferred it to a separating funnel containing about 200 cm^ petroleum ether and 
mixed gently and then added 200 cm^ of 5% sodium sulphate solution (Appendix 7.1) 
and shaked the separating tunnel gently. The two phases got separated and re-
extracted the lower aqueous phase with additional 20 cm'^  petroleum ether until the 
aqueous phase become colourless. Drained out the washed petroleum ether extract 
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containing carotenoids into a brown bottle containing 10 g anhydrous sodium 
sulphate. Kept it aside for 30 min. Decant the petroleum ether extract into a 100 ml 
volumetric flask through a funnel containing cotton wool. Washed sodium sulphate 
slurry with petroleum ether until it become colourless. Make up the volume and 
measure the absorbance spectrophotometrically at 530 rmi using petroleum ether as 
blank. 
3.10.2.9 P-carotene content 
5-10 g of sample was ground to a fine pulp using food chopper. 2-5 g of 
weighed sample was placed in a high speed blender to this add 40 cm acetone, 60 
cm hexane and 0.1 g MgCOs for 5 min. The residue was washed twice with 25 cm 
hexane. The extract was washed with 100 cm^ of water five times and, transfer upper 
layer to 100 ml volumetric flask containing 90 ml acetone and dilute with hexane to 
make the final volimie 100. To prepare the colimm, small glass wool or cotton plug 
was placed inside the tube, and loose adsorbent to 15 cm depth, the tube was attached 
to suction flask and applied fiill vaccum of water pump. The packed column has about 
10 cm high layer of anhydrous sodium sulphate above adsorbent. The extract was 
poured into the column with vaccum continuously applied to the flask. 50 cm 
acetone-hexane (1:9) mixture was used to develop the chromatogram and washed 
visible carotenes through adsorbent. The entire eluate (carotenes pass rapidly through 
the column, bands of xanthophylls, carotenes oxidation products and chlorophylls are 
retained) were collected. The eluate, which has been reduced in volume by the loss of 
vapour through water pump was transferred, to a 100 ml volumetric flask, diluted the 
volume with acetone hexane mixture. The absorbance of the solution was read at 430 
nm against a reagent blank. The amount of carotene in the sample was calculated by 
using standard curve prepared from pure carotene. 
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3.10,2.10 Ascorbic acid 
5 ml of working standard solution (Appendix 8.4) was taken into a 100 ml 
conical flask, and 10 cm^ of 4% oxalic acid (Appendix 8.1) was added. The mixture 
was titrated against the 100 cm^ of dye (Appendix 8.2) (Vi). The appearance of the 
pink colour, persisting for a few minutes was the end point and the amount of the dye 
consumed was equivalent to the amount of ascorbic acid. 0.5 to 5 g of the sample was 
extracted in sufficient amount of 4% oxalic acid and the final volume was made upto 
the mark (100 cm^) by using DDW. The homogenate was centrifuged 5 ml of the 
supernatant was added in 10 ml of 4% oxalic acid. It was titrated against the 100 cm 
ofdye(V2). 
Amount of the ascorbic acid was calculated by putting the volume in formula. 
0.5 mg Vi 100 cm^ 
Amount of ascorbic acid mg/100 g sample = x x x 100 
Vi cm^ 5 cm^ Wt. of the 
sample 
3.10.3 Yield characteristics 
At harvest (180 DAS), 9 plants (3 plants fi^om each pot) representing each 
treatment were randomly sampled and counted for the number of fruits per plant and 
were weighted to asses fruit yield per plant. 
3.11 Statistical analysis 
The experimental data was analysed following the standard procedures 
described by Gomez and Gomez (1984). Each treatment was represented by fifteen 
pots. Three observations (from three different pots) were recorded per treatment. The 
'F' test was applied to assess the significance of the data at 5% level of probability. 
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Least significant difference (LSD) was calculated to compare the effect of various 
components by putting the values on the following formula. 
Standard Error x 2 
LSD = / X t (value) 5% 
Replicates 
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RESULTS 
4.1 Experiment 1 
4.1.1 Shoot length 
The data in table 1 indicate that the pre sowing seed soaking treatment caused 
a significant decrease in the shoot length of the resulting plants. The decrease was 
proportionate to the concentration of the metal as well as the duration of soaking. The 
treatment for the longest duration (12 h) caused the maximum damage. The varieties 
exhibited significantly different response to the metal. The variety (S-22) could not 
survive in the presence of any of the concentrations of the metal, whereas the varieties 
NBR-Uttam and Maiti could not with stand to the pre sowing soaking with Cd 100 or 
150 fiM CdCb for 8 or 12 hours. The variety K-25 was most resistant and showed 
8.2%, 12.6%, 21.4%; 11.4%, 15.5%, 25.4%; and 17.2%, 26.0% and 41.3% loss in 
response to 50, 100 or 150 |iM of CdCb supplemented for 4, 8 or 12 hours, 
respectively. The varieties Kaveri, NBR-Uday and Swamodya were moderately 
affected by the cadmium. However, they could not resist the pre sowing soaking in 
150 [M of Cd for 12 hours (Table 1). The varieties Sarvodya, NBR-Uttam and Malti 
experienced a severe damage. The order of susceptibility/sensitivity was Sarvodya > 
NBR-Uttam > Malti. 
4,1.2 Root length 
The observations depicted in table 2 clearly indicate that the Cd treatment 
resulted in a significant decrease in the length of the roots of resulting plants. 
However, the response to Cd stress showed significant variation when the varieties 
are taken into consideration. The highest concentration of Cd (150 |J,M) supplied for 
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4, 8 or 12 h caused the maximum reduction in the root length. The varieties which 
were severely affected by the Cd concentration were Sarvodya, NBR-Uttam and 
Maiti. These varieties also experienced a significant damage at 50 yM supplied for 4 
h. Here the root length of the plants were 10.2%, 27.1% and 20.6% lower than the 
control, in Sarvodya, NBR-Uttam and Malti respectively. However, the varieties K-
25, K-21 and NTS-9 showed the maximum resistance to Cd. The supply of thel50 
^M of CdCb for 12 h declined the lengths of the roots by 42.5%, 46.1% and 54.1% 
compared to control, in K-25, K-21 and NTS-9, respectively. The pattern of resistance 
exhibited by three varieties was K-25 > K-21 > NTS-9. The varieties Kaveri, NBR-
Uday and Swamodya showed maximum inhibition in root elongation at 100 [iM Cd 
concentrations, soaked for 12 h. However, treating the seeds for shorter durations (4 
or 8 h) caused a lesser toxicity than 12 h soaking. 
4,1.3 Shoot fresh mass 
The plants raised from the seeds soaked in different concentrations of CdCb 
for 12 h exhibited maximum inhibition in shoot fresh mass. All the varieties showed 
significantly different response to different cadmium concentrations as well as 
soaking durations (Table 3). The varieties K-25, K-21 and NTS-9 showed the least 
inhibition which was 51.8%, 59.6% and 55.2% below to their respective controls at 
Cd concentration of 150 |^ M for 12 h. However, the other varieties could not tolerate 
to this treatment. The varieties, NBR-Uttam, Malti and S-22 did not survive even in 
100 ^M of Cd for 8 or 12 h. However, Kaveri, NBR-Uday and Swamodya were 
moderately affected by Cd and showed 31.6%, 31.1%, 45.6% and 49.5%, 50.0%, 
52.7% decrease, compared to their respective controls when Cd (150 [iM) exposure to 
their seeds was given for 4 or 8 h respectively. Among all the varieties, Cd generated 
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least effect in K-25, K-21 and NTS-9, where 12 h soaking in the highest concentration 
(150 i^ M) decreased the fresh mass by 51.8%, 59.6% and 55.2%, below their 
respective controls. 
4.1.4 Shoot dry mass 
The data in table 4 shows that the degree of toxicity of the metal varied with 
the variety. Among the varieties, S-22 was too sensitive to survive any of the Cd 
concentrations whereas varieties NBR-Uttam and Malti survived in presence of all the 
Cd concentrations supplied for 4 h only. However, the seeds of these two varieties 
could not germinate when pre-treated with 100 or 150 |iM CdC^ for 8 or 12 h. The 
varieties Kaveri, NBR-Uday, Swamodya and Sarvodya were moderately affected by 
Cd pre sowing soaking for 4 or 8 h. The longest duration of soaking (12 h) was highly 
toxic for these varieties, which inhibited their germination at 150 fxM concentration. 
Among these four varieties, Kaveri, NBR-Uday and Swamodya exhibited 34.6%, 
42.3% and 44.0%; and 43.7%, 53.5% and 47% decrease, below their respective 
controls, when soaked in 50 or 100 |aM of CdCb, respectively, for 12 h. The varieties 
K-25, K-21 and NTS-9 were comparatively resistant to Cd. Among the pre sowing 
soaking durations, the 4 h soaking in any of Cd concentration moderately affected 
them. However, the 12 h treatment duration together with 150 |iM of CdCl2 caused 
43.8%, 42.1%) and 49.2% decrease, compared to their respective controls. The order 
of toxicity followed by different treatment durations followed the trend 12 h > 8 > 4 h. 
4.1.5 Root fresh mass 
The pre sowing seed soaking in different concentrations of Cd (50, 100 or 150 
jaM) significantly reduced the root fresh mass in all the varieties (Table 5). However, 
the varieties showed significantly different response to different metal concentrations. 
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The combination of the highest concentration (150 |iM) of Cd with longest soaking 
duration (12 h) was most toxic, which was tolerated only by the varieties K-25 and K-
21 that exhibited 32.7% and 28.1% decrease, compared to their respective controls. 
The combination (50 i^ M of Cd and 4h soaking duration) was least damaging for all 
the varieties. The varieties Sarvodya, NBR-Uttam and Malti were so sensitive that 
even at the lowest level of Cd (50 |iM) with minimum soaking duration (4 h) showed 
14.2%, 16.8% and 13.6% decreased, below their respective controls. Moreover, the 
varieties were unable to survive when the seeds were soaked in CdCl2 (150 |xM) for 
12 h. Among these Sarvodya was the only one which resisted 150 |j,M CdCl2 seed 
soaking treatment for 8 h. The variety S-22 was the most sensitive and could not 
survive even in the lowest concentration of the cadmium. 
4.1.6 Root dry mass 
The root dry mass followed a pattern similar to its fresh mass (Table 6) that 
exhibited a linear decrease as the soaking duration was increased from 4 to 12 h. The 
decrease in the root dry mass was also in proportion to the concentrations (50, 100 or 
150|aM) of the metal. Among the concentrations, the highest one (150 j^M) was the 
most toxic in all the treatment durations (4, 8 or 12). Soaking the seed in 50 i^ M of Cd 
for 4 h had a negligible effect on the root dry mass of all the varieties, whereas 8 or 12 
h soaking duration in 50 fjM of Cd significantly decreased the root dry mass. The 
other two concentrations (100 or 150|iM) of Cd proved highly toxic, irrespective of 
the duration of soaking. The varieties K-25, K-21 and NTS-9 were least affected. The 
highest concentration (150 i^ M) of Cd fed for 12 h was so toxic that the seeds of the 
varieties Kaveri, NBR-Uday, Swarnodya, Sarvodya, NBR-Uttam, Malti and S-22 
could not germinate. Similarly, the varieties NBR-Uttam, Malti and S-22 were too 
sensitive to germinate from the seeds soaked in 100 or 150 fiM for 8 or 12 hours. 
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4.1.7 Leaf area 
The data shows that pre sowing seed soaking treatment caused a significant 
decrease in the leaf area of the resulting plants (Table 7). As the concentration of the 
metal and the duration of soaking was increased the degree of inhibition also 
increased. The variety Malti showed the maximum inhibition which was 56.4%, 
70.6%, 77.3%; 50%, 72% and 74.2% in response to 50, 100 or 150 i^M of Cd soaked 
for 4, 8 or 12 h compared to their respective controls. The variety K-25 showed 
minimum loss which was 10.1%, 21.2%, 34.2%; 22.3%, 33.3%, 44.1% and 25.8%, 
39.6%, 51.6% with 50, 100 or 150 |iM Cd given for 4, 8 or 12 h, compared to their 
respective controls. The seeds of the varieties NBR-Uttam and Malti could not 
germinate when treated with 150 fiM of Cd for 8 or 12 hours. The variety K-25 got 
completely perished in response to any of the Cd concentration and the soaking 
duration. The lower concentrations of Cd exerted a moderate toxicity in the varieties 
Kaveri, NBR-Uday and Swamodya. However, all the three varieties died in response 
tol50|aMCdfedforl2h. 
4.1.8 SPAD chlorophyll content 
The plants grown from the seeds soaked in different concentrations of Cd for 
varied durations possessed significantly lower level of chlorophyll than the imstressed 
controls (Table 8). Out of the cadmium concentrations (50, 100 or 150 ^M), the 150 
|iM was the most toxic, irrespective of the duration of soaking. The varieties K-25, K-
21 and NTS-9 showed slight resistance to 150 ^M of Cd. This concentration 
decreased the level of chlorophyll by 25.8%, 26.8% and 31.6%; 28.7%, 31.0% and 
42.1%; 29.8%, 35.9% and 47.0% below the control, in K-25, K-21 and NTS-9 whose 
seeds were pretreated for 4, 8 or 12 h, respectively. The response by these varieties 
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was closely followed by 100 jiM concentration which decreased the chlorophyll 
pigment by 18.6%, 18.6% and 24.3%; 18.4%, 20.6% and 31.2%; 18.4%, 26.8% and 
32.3% below the control. The chlorophyll pigment in varieties Kaveri, NBR-Uday 
and Swamodya was mildly affected by the cadmium concentrations given for 4 or 8 h 
but in 12 h soaking the cadmium concentrations severely affected the level of the 
pigment. The varieties Sarvodya, NBR-Uttam and Malti exhibited a severe loss in 
chlorophyll, irrespective of the concentration/duration of the soaking treatment. 
Among these varieties, the magnitude of sensitivity followed the trend Malti > NBR-
Uttam > Sarvodya. 
4.1.9 Net photosynthetic rate (PN) 
It is evident from table 9 that the leaves of the plants that were raised from the 
seeds given pre sowing seed soaking treatment in highest concentration (150 ^M) of 
metal, photosynthesized at the minimum rate, irrespective of duration of soaking. 
Even the lowest soaking duration (4 h) in 150 jiM CdCk caused 33.4%, 33.9%, 
26.4%, 29.7%, 43.7%, 44.6%, 45.6%, 59.1% and 58.1% decrease in K-25, K-21, 
NTS-9, Kaveri, NBR-Uday, Swamodya, Sarvodya, NBR-Uttam and Malti, over their 
respective controls. The varieties NBR-Uttam and Malti could not with stand even in 
8 h soaking. However, K-25, K-21, and NTS-9 showed slight resistance to the metal 
(12 h soaking in 150 \M) and possessed 54.1%, 64.0% and 58.8% lower 
photosynthetic rate over their respective controls. The two lower concentrations (50 
and 100 |iM) were found to be less toxic for all the varieties, but their degree of 
toxicity increased with the soaking duration. Variety NBR-Uttam and Malti could not 
survive at 100 )iM of Cd soaked for 12 h. 
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4.1.10 Stomatal conduction (gs) 
Stomatal conductance showed a linear decrease as the concentration of the metal 
was increased in the pre sowing soaking treatment (Table 10). The lowest 
concentration (50 |iM) of the metal was least toxic, irrespective of the duration of its 
application. The varieties Sarvodya, NBR-Uttam and Malti were highly sensitive and 
had the value 21.0%, 34.4% and 40.6%; 17.6%, 30.7% and 43.3%; and 24.0%, 31.3% 
and 49.0%, below the controls, soaked for 4, 8 or 12 h, respectively. The higher 
concentrations (100 or 150 [M) of Cd were extremely toxic. However, these 
concentrations affected the varieties Kaveri, NBR-Uday and Swamodya moderately. 
In these three varieties, 100 i^M of Cd declined the gs by 33.8%, 45.4% and 52.2%; 
34.4%, 41.9% and 52.3%; 36.6%, 45.9% and 56.4% compared to the respective 
controls, at the soaking duration of 4, 8 or 12 h. Among all the varieties, K-25, K-21 
and NTS-9 showed a significant resistance to Cd. Although, 150 |j,M concentration 
was extremely toxic for all the varieties. The above mention three varieties showed 
comparatively a good resistance to this concentration as well, where the variety K-25 
was the most resistant. The decrease generated by this highly toxic Cd concentration 
in the most resistant variety (K-25) was 38.3%, 53.9%) and 71.2% below the controls, 
at 4, 8 or 12 h of treatment duration. 
4.1.11 Internal CO2 concentration (Ci) 
The internal CO2 concentration (Table 11) followed a pattern similar to that of 
stomatal conductance. The decrease in the internal CO2 concentration also 
proportionated to the concentration of metal as well as soaking duration. Soaking of 
seeds in 150 \xM CdCIi for 4 h significantly decreased Ci. The varieties Sarvodya, 
NBR-Uttam and Malti were severely affected among all the varieties. However, 
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varieties K-25, K-21 and NTS-9 were least affected by 8 h soaking in 150 yM and the 
values were 26.8%, 26.4% and 26.7% lower, over their respective controls. All the 
varieties showed a linear decrease in response to increased soaking duration. At 12 h 
soaking in 150 }xM, only K-25, K-21 and NTS-9 could survive. The varieties Kaveri, 
NBR-Uday and Swamodya experienced a severe damage when soaked in 100 JAM of 
CdCla for 12 h where it decreased by 28.0%, 32.2% and 35.6%, over their respective 
controls. S-22 could not survive in any of the cadmium concentration reflecting to be 
the most sensitive variety towards cadmium. 
4.1,12 Water use efficiency (WUE) 
The WUE in all the varieties gradually decreased as the concentrations and the 
treatment duration increased (Table 12). The varieties K-25, K-21 and NTS-9 
exhibited minimum loss in response to Cd, irrespective of its treatment duration. At 
the concentration of 150 |aM and 12 h soaking duration, which was the most toxic 
combination, these three varieties possessed 60%, 61.8% and 65.1%, lower WUE than 
the controls, respectively. Although, the varieties Kaveri, NBR-Uday and Swamodya 
were resistant to the lowest concentration (50 |J,M) of Cd. The higher (100 or 150 |iM) 
concentrations caused a substantial decline in WUE. 100 jiM Cd supplemented for 12 
h declined the WUE in the varieties Kaveri, NBR-Uday and Swamodya by 52.2%, 
55.9% and 58.4%, respectively. However, the varieties Sarvodya, NBR-Uttam and 
Malti were highly sensitive. Even the lowest dose of Cd (50 |iM) supplemented for 
the shortest duration (4 h) generated a remarkable toxicity in them. This treatment 
combination reduced WUE by 23.8%, 27.5% and 30.0% below the controls, in 
Sarvodya, NBR-Uttam and Malti, respectively. Like the earlier parameters here also, 
S-22 could not resist the cadmium treatment. 
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4.1.13 Transpiration rate (E) 
The varieties showed significantly different response to the cadmium 
concentrations and soaking durations. Transpiration rate in all the varieties decreased 
as the concentration of the metal and duration of soaking increased (Table 13). TTie 
variety K-25 showed minimum decrease which was 4.6%, 15.4%, 30.5%, 11.8%, 
24.2%, 43.8% and 20.0%, 35.4% and 51.8% in response to 50, 100 or 150 ^M CdCb 
given for 4, 8 or 12 h soaking duration, compared to their respective controls. The 
variety Malti showed maximum decreased. Kaveri, NBR-Uday and Swamodya were 
moderately affected. Variety S-22 was so sensitive that it could not survive in the 
presence of cadmium. 
4.1.14 Leaf water potential (i{/) 
Plants raised from the seeds given pre sowing seed soaking treatment 
possessed significantly lower leaf water potential as compared to their respective 
controls (Table 14). Out of the cadmium concentrations (50, 100 or 150 (iM), the 
highest (150 fiM) concentration of the metal was found to be the most toxic at all the 
durations of soaking. Variety NBR-Uttam, Malti and S-22 could not survive at this 
concentration, when seeds were soaked for 8 or 12 h. Variety K-25, K-21 and NTS-9 
showed slight resistance to 150 [iM of CdC^. This concentration decreased leaf water 
potential by 70.4%, 65.1% and 64.2%; 91.6%, 86.75% and 81.4% and 98.3%, 98.4% 
and 94.3%, below the control in varieties K-25, K-21 and NTS-9 pretreated for 4, 8 or 
12 h respectively. The response was closely followed by variety Kaveri, NBR-Uday 
and Swarnodya that showed 64.8%, 58.0% and 53.41%; 79.7%, 83.7% and 82.3% and 
70.8%, 73.7% and 80.9% decreased in response to seeds soaked in 150 jiM CdCh for 
4, 8 or 12 h respectively, over their controls. 
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4.1.15 Leaf nitrate reductase (NR) activity 
Table 15 shows that the activity of NR significantly varied with respect to Cd 
concentration, soaking durations and the varieties. Out of the concentrations use, the 
50 |aM was less toxic for all the varieties. The other two concentrations (100 or 150 
fiM) showed the magnitude of toxicity, which varied from variety to variety. Among 
the varieties K-25, K-21 and NTS-9 were comparatively resistant in term of enzyme 
activity. The varieties Kaveri, NBR-Uday and Swamodya were neither too resistant 
nor too sensitive. The varieties Sarvodya, NBR-Uttam and Malti were highly sensitive 
where even 50 |iM of Cd given for 4, 8 or 12 h caused a severe inhibition in the 
activity of the enzyme which was 13.3%, 22.0% and 30.2%; 17.0%, 24.5% and 35.7% 
and 10.0%; 30.5% and 39.5% below to their respective controls. 
4.1.16 Leaf carbonic anhydrase (CA) activity 
The data depicted in table 16 showed that all the varieties showed significantly 
different response to the metal treatment. Varieties Malti and NBR-Uttam were found 
to be very sensitive to the highest (150 |iM) metal level, as it showed 53.7% and 
54.1% lower values over their respective controls on being soaked for 4 hours but 
could not survive when the soaking duration was extended to 8 or 12 h. Varieties K-
25, K-21 and NTS-9 showed maximum resistance against 150 fxM concentration and 
they had 23.7%, 27.5%, 33.8%; 34.0%, 38.2%, 46.8% and 38.2%, 41.7% and 61.1% 
lower enzymatic activity when the seeds were soaked in 150 jiM CdC^ for 4, 8 or 12 
h. The varieties Kaveri, NBR-Uday and Swamodya were moderately affected by all 
the metal concentrations, except 12h soaking in 150 [M of CdCli. 
4.1.17 Leaf superoxide dismutase (SOD) activity 
The observations depicted in table 17 clearly indicated that the Cd treatment 
resulted in a significant increase in the activity of superoxide dismutase enzymes in 
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all the varieties. Variety K-25 possessed maximum enzymatic activity at all the 
cadmium concentrations and soaking durations. The plants raised from the seeds 
soaked in 150 ^M CdCb for 4, 8 or 12 h possessed 28.9%, 30.2% and 43.8% higher 
enzymatic activity over their controls. However, variety S-22 was unable to survive in 
the presence of any of the cadmium concentration. Among others Kaveri, NBR-Uday 
and Swamodya showed an intermediate response. However varieties Sarvodya, NBR-
Uttam and Malti were found to be least responsive. The trend followed by different 
varieties was K-25 > K-21 > NTS-9 > Kaveri > NBR-Uday > Swamodya > Sarvodya 
>NBR-Uttam> Malti > S-22. 
4.1.18 Leaf proline content 
The leaves of the plants raised from the seeds given pre sowing seed soaking 
treatment of cadmium (50, 100 or 150 fiM) possessed significantly higher proline 
content in all the varieties (Table 18). However, the varieties showed significantly 
different response to all the cadmium concentrations as well as duration of soaking. 
The highest concentration (150 |j,M) of metal and longest duration of soaking (12 h) 
generated maximum proline content in varieties K-25, K-21 and NTS-9. In response 
to the above combination these varieties possessed 16.2%, 13.6% and 15.3% higher 
proline content as compared to their respective controls. The values were closely 
followed by 100 |uM concentration where it increased by 2.8%, 9.5% and 11.1% in 
the varieties K-25, K-21 and NTS-9, grown from the seeds soaked for 12 h over the 
controls. Varieties Kaveri, NBR-Uday and Sarvodya were mildly affected by 100 ^M 
metal concentration fed for 4 or 8 h, but a longer exposure (12 h), affected proline 
content severely. Moreover varieties Sarvodya, NBR-Uttam and Malti possessed 
minimum proline content as compared to other varieties. 
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4.1.19 Leaf peroxidase (POX) activity 
The activities of POX exhibited a trend which was converse to that of all other 
parameters explained earlier. The enzymes activity was positively effected by Cd 
treatment in all the varieties (Table 19). The increase was directly proportional to the 
concentration of the metal and the duration of soaking. The activities of the enzymes 
were maximum in the variety K-25, at all the Cd levels. The plants raised from the 
seeds exposed to 50, 100 or 150 ^M of Cd for 12 h possessed the activities of the 
enzymes which were 47.5%, 95.0% and 123.9%, higher over the controls, 
respectively. The values were closely followed in the varieties K-21, and NTS-9. 
Moreover, the activities of enzymes possessed by Sarvodya, NBR-Uttam and Malti 
were least among all the varieties. The treatment combination of Cd (100 yM) with 8 
h soaking duration elevated the level of the enzymes, which was 24.5%, 22.5% and 
20.0% higher over the controls in the varieties Sarvodya, NBR-Uttam and Malti, 
respectively. This increase was maximum for these three varieties among all the Cd 
doses and the soaking durations. The varieties Kaveri, NBR-Uday and Swamodya 
showed an intermediate response, which possessed the maximum activities of the 
enzymes at 100 (xM Cd supplied for 12 h. The trend followed by different treatment 
durations was 12h > 8 h > 4h. 
4.1.20 Leaf catalase (CAT) activity 
The activity of enzyme CAT (Table 20) exhibited a similar response as that of 
POX, and was directly proportional to the metal concentration and soaking duration. 
In variety K-25, leaves of the plants that were raised from the seeds soaked in 50, 100 
or 150 |xM for 12 h possessed maximum enzymatic activity which was 12.0%, 18.3% 
and 22.5% higher over their respective controls. Varieties Kaveri, NBR-Uday and 
Swarnodya generated an intermediate response. Among others Sarvodya, NBR-Uttam 
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h-1 
and Malti possessed minimum enzyme activity that was 20.0%, 23.2% and 18.5%, 
higher by the treatment combination of 100 ^M of metal with 8 h soaking duration 
over their controls. 
4.2 Experiment 2 
4.2.1 Shoot and root length 
The length of shoot and root increased with the advancement of age of the 
plants and was significantly affected by the treatment (Table 21). The plants obtained 
from the seeds pre-treated with metal possessed the shoot and root smaller than their 
control plants in both K-25 and Sarvodya varieties. However the follow-up treatment 
of the brassinosteroids analogues (HBL/EBL) significantly neutralized the damage 
caused by the metal at 90 day stage in both the varieties. EBL was found to be more 
promising. Maximum values were recorded in K-25, whose foliage was treated with 
EBL alone and showed 64.8% and 57.4% higher shoot and root length over their 
control plants. 
4.2.2 Fresh and dry mass of shoot 
The data depicted in table 22 indicates that fresh and dry mass of shoot 
exhibited an increase as the growth progressed. Pre sowing seed treatment with metal 
caused a significant reduction in the shoot mass of both the varieties. However, the 
application of either of the brassinosteroids analogues (HBL/EBL) to the foliage 
favoured shoot mass and neutralized the ill effect generated by the metal in both the 
varieties at 90 day stage. The treatment was more effective in K-25 than in Sarvodya. 
Foliage of the plants sprayed with EBL generated higher shoot mass in K-25 variety, 
the values were 66.1% and 70.2% higher for fresh and dry mass over their control at 
90 day stage. 
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4.2.3 Fresh and dry mass of root 
Fresh and dry mass of root (Table 23) followed a pattern similar to that of the 
shoot. Plants raised from the seeds given pre sowing seed soaking treatment in metal 
showed marked reduction in the mass of root. The degree of damage caused by the 
metal was more pronounced at 60 day stage than at later growth stage (90 DAS). 
However, the foliage of the plants that received brassinosteroids (HBL/EBL) spray at 
59 day stage possessed significantly improved root mass at 90 day stage. Moreover, 
the follow-up treatment of the hormone also significantly neutralized the toxic effect 
of the metal in both the varieties. Variety K-25 responded better to both the hormones 
as compared to Sarvodya and possessed 59.21% and 65.15% higher fresh and dry 
mass of root in response to EBL spray then their control plants. 
4.2.4 Leaf area 
Both the varieties showed significantly different response to the treatment. Leaf 
area increased during the observation made from day 60 to 90 (Table 24). The plants 
resulting from seeds pre-treated with metal showed significant reduction in leaf area, 
irrespective of varietals differences. However, application of brassinosteroids 
analogue (HBL/EBL) significantly improved leaf area in both the varieties at the later 
stage of growth and also overcome the damaging effect of the metal. The variety K-25 
showed comparatively better response than the other. Out of the two hormone 
analogue EBL was more effective than HBL that increased the area of leaves by 
44.15% and 39.32% in K-25 and Sarvodya at 90 day stage over their respective 
controls. 
4.2.5 SPAD chlorophyll value 
Compared with 60 day stage, the leaf SPAD chlorophyll value increased at day 
90 (Table 24). Irrespective of varietal differences, the degree of damage caused by the 
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metal treatment in both the varieties was more pronounced at early stage of growth, 
than at the later stage. However, the ill effect generated by the metal in both the 
varieties was successfully neutralized by the brassinosteroids (HBL/EBL) solution. It 
was more effective at early stage than at later stage. Maximimi values for SPAD 
chlorophyll content were recorded in the EBL sprayed leaves of K-25 plant that were 
55.1% and 31.5% higher over the control plants at 60 and 90 DAS. 
4.2.6 Net photosynthetic rate (PN) 
The data presented in table 25 express that the plants raised from the seeds given 
pre sowing seed treatment with metal, photosynthesized less efficiently than the 
control plants, at both the stages (60 and 90 DAS) of growth. However, the foliage of 
the stressed plants sprayed with brassinosteroids analogues (HBL/EBL) completely 
neutralized the toxic effect of the metal in both the varieties. EBL excelled in its 
effects over HBL. Maximum values were recorded in the unstressed plants sprayed 
with 10' M of EBL m K-25 and Sarvodya, where the respective increase was 34.7% 
and 33.0% at 60 DAS over their respectively controls. 
4.2.7 Stomatal conductance (gs) 
The values exhibited a progressive increased as the growth progressed from day 
60 to 90 DAS (Table 25). Significant reduction was recorded in the stomatal 
conductance of both the cultivars given pre sowing seed soaking treatment with CdCl2 
at the two stages of growth (60 and 90 DAS). Toxicity generated by the metal was 
effectively overcome by brassinosteroids (HBL/EBL) spray. K-25 was more 
responsive than Sarvodya, at both the stages of growth. Maximum value 72.7% was 
recorded in K-25 plants treated with EBL, at 60 DAS. 
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4.2,8 Internal CO2 concentration (Ci) 
Pre sowing seed treatment with metal decreased internal CO2 concentration in 
the resulting plants of both the varieties. The degree of toxicity generated by the metal 
was more pronounced at 60 than 90 DAS (Table 26). However, the treatment of these 
stressed plants with either of the brassinosteroids analogues completely neutralized 
the toxic effect of metal in both the cultivars. Maximum value for internal CO2 
concentration 22.7% were recorded at 60 DAS in K-25 by EBL spray. 
4.2.9 Water use efficiency (WUE) 
The value increased as the age of the plants advanced from day 60 to 90 (Table 
26). Significant reduction was found in the WUE of both the cultivars given pre 
sowing seed soaking treatment of cadmium, measured at both the stages of growth (60 
and 90 DAS). Variety Sarvodya experienced severe damage. Spray of 
brassinosteroids (HBL/EBL) to the foliage enhanced the level of WUE in the leaves 
of stressed and unstressed plants of both the cultivars. Out of the two brassinosteroids 
analogues, EBL generated a better response and enhanced the values of WUE by 
96.3% and 88.4% in K-25 and Sarvodya at 60 DAS over their control plants. 
4.2.10 Transpiration rate (E) 
The transpiration rate in the plants of both the varieties expressed a response 
similar to that of WUE, during the growth period (Table 27). The transpiration rate of 
the plants resulting from metal treated seeds was significantly lower than water 
treated, controls. A significant increase in the E was recorded in the plants 
supplemented with either of the hormone (HBL/EBL). EBL sprayed leaves of K-25 
variety showed maximum E at 60 DAS, where 65.6% increase over the control was 
recorded, a similar trend was followed by the plants at 90 day sampling. However, the 
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damage caused by the metal was completely overcome when the plants grown from 
the pre-treated seeds were supplemented with the hormone (HBL/EBL). 
4.2.11 Leaf water potential (\\i) 
It is evident from table 27 that v|/ increased as the growth progressed from 60 
to 90 DAS and the degree of damage caused by the metal treatment was more 
pronounced at early stage of growth than at later stage. The ill effect generated by the 
metal was successfully overcome by BRs, (HBL or EBL) where EBL was more 
effective. Maximum values for \|/ were recorded in plants of K-25. EBL treatment 
alone showed 31.9% and 22.7% higher values at 60 and 90 DAS over their control 
plants. 
4.2.12 Leaf nitrate reductase (NR) activity 
It is evident from table 28 that the plants raised from the seeds given pre sowing 
seed soaking treatment with metal possessed significantly lower NR activity, at both 
the stages of growth (60 and 90 DAS), as compared to their respective controls. 
However, the activity of the enzyme increased with the advancement of age (60 to 90 
DAS). Brassinosteroids (HBL/EBL) application to the foliage improved the activity to 
a significant level and also overcame the ill effect generated by the metal in a follow 
up treatment in both the varieties. EBL was better and enhanced the activity by 54.0% 
and 36.3% higher in K-25 cultivar at two growth stages (60 and 90 DAS). 
4.2.13 Leaf carbonic anhydrase (CA) activity 
The activity of CA enzyme increased with the age of the plants, but its level 
decreased on being fed with metal to the seeds (Table 28). A sharp decrease was 
observed in variety Sarvodya in response to metal treatment and the variety K-25 
showed a slight resistance to the metal as compared to that of Sarvodya. However, the 
follow-up treatment of hormone completely neutralized the toxic effect of metal in K-
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25 and partially neutralized in Sarvodya at both the stages of growth. Maximum 
enzyme activity was recorded from the leaves of unstressed, EBL fed K-25 plants. It 
showed 46.1% higher values over the non-sprayed control plants at 60 DAS. 
4.2.14 Leaf superoxide dismutase (SOD) activity 
It is evident from table 29 that the leaves of the plants raised from the seeds 
given pre sowing seed soaking treatment, possessed higher SOD activity in the plants 
of both the cultivars, over their respective controls. The activity of the enzyme 
increased further with the advancement of age as well as by the follow up treatment of 
the brassinosteroids, but more effectively in K-25 than Sarvodya and showed 54.6% 
and 44.8% higher values at 60 and 90 DAS over their control plants in response to 
metal and EBL spray. 
4.2.15 Leaf proline content 
Both the varieties showed significantly different response to the treatment. 
Compared with the control, the proline content increased in the plants fed with metal 
and/or hormone (Table 29). Moreover, the plants of both the varieties exposed to 
either of the hormone as well as the metal possessed higher quantities which increased 
further with the advancement of plant age. Maximum values for the proline content 
were recorded from the metal fed plants of K-25, sprayed with EBL, and posses 
70.5% and 44.7% higher proline content at 60 and 90 DAS over control. 
4.2.16 Leaf peroxidase (POX) activity 
The data depicted in table 30 clearly revealed a significant increase in the 
activity of POX enzymes, as growth progressed from 60 to 90 days and also in 
response to the metal and/or brassinosteroids (HBL/EBL). The variety K-25 showed 
higher POX activity than Sarvodya. Out of the two brassinosteroids analogues 
(HBL/EBL), EBL proved better in enhancing the POX activity. Variety K-25 showed 
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80.8% and 55.6% higher activity at 60 and 90 DAS in response to EBL spray on 
plants raised from metal treated seeds compared with the control. 
4.2.17 Leaf catalase (CAT) activity 
The leaves of variety K-25 possessed comparatively higher CAT activity than 
that of Sarvodya (Table 30), and the activity of enzyme increased as the growth 
progressed (60 to 90 DAS). Further increased was also observed in response to both 
metal and hormone. The plants fed with metal in association with either of the 
hormone generated the most favourable response. Moreover, the follow up treatment 
with EBL on the stressed plants of K-25 showed 36.3% and 28.6% higher CAT 
activity at 60 and 90 DAS over their control plants. 
4.2.18 Lycopene, P-carotene and Ascorbic acid 
It is evident from table 31 that plants of both the varieties that were raised from 
the seeds given pre sowing seed soaking metal treatment possessed lower lycopene 
and p-carotene contents in the fruits. However, the fruits developed on the hormone 
sprayed plants possessed significantly higher level of lycopene and P-carotene. 
Moreover, lycopene and P-carotene contents in the fruits homed on the plants freated 
with cadmium and the hormone was statistically equal in K-25. Contrary to this 
ascorbic acid content in the fruits of both the cultivars increased, homed on the metal 
stressed plants and a significant reduction was observed by the followed application 
of brassinosteroids analogues on both stressed as well as unstressed plants. 
4.2.19 Number of fruits and fruit yield 
At harvest, the number of fruits and fruit yield per plant in both the varieties 
showed significantly different response to the treatment. Plants raised from the seeds 
given pre sowing seed soaking treatment with metal showed significant reduction in 
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all the yield characteristics (Table 32). However the^r-ferassinosteroids (HBL/EBL) 
spray significantly improved these characteristics, and also neutralized the toxic effect 
of the metal in both the varieties. Out of the two brassinosteroids analogues 
(HBL/EBL), the EBL generated better response. 
4.3 Experiment 3 
4.3.1 Shoot and root length 
The data presented in table 33 gives an impression that the length of both root 
and shoot increased as the growth progressed from 60 to 90 DAS in both the varieties. 
Pre sowing seed soaking treatment in CdCl2 significantly decreased the length of both 
shoot and root. However dipping the roots in either of brassinosteroid analogues 
(HBL/EBL) favoured elongation, and also overcame the toxic effect of metal in the 
stressed plants. EBL generated a better response than HBL in both stressed and 
unstressed plants of K-25 and Sarvodya, Moreover, the dipping of unstressed seedling 
in EBL, induced maximum values for both shoot and root length in K-25 variety that 
were 43.1%, 57.8% and 33.3%, 43.2%) higher over their respective controls at 60 and 
90 DAS. 
4.3.2 Fresh and dry mass of shoot 
The plants, with the advancement of the age exhibited higher fresh and dry 
mass of shoot (Table 34). The plants obtained from the seeds pre-treated with metal 
possessed lower fresh and dry mass of shoot. The toxicity generated by the metal was 
more pronounced at the early stage of growth (60 DAS) than the later stage (90 DAS). 
However, the treatment with brassinosteroids analogues (HBL/EBL) as root dipping 
significantly improved the shoot mass in both stressed as well as unstressed plants and 
also overcame the toxicity generated by the metal in both the varieties, more 
effectively in K-25 than in Sarvodya. Dipping of roots in EBL completely overcame 
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the toxic effect of metal in K-25 and partially in Sarvodya. K-25 showed maximum 
values for shoot fresh and dry mass that was 41.8%, 60.0% and 38.0%, 43.1% higher 
fresh and dry mass at 60 and 90 day stages when their unstressed seedling were 
dipped in EBL. 
4.3.3 Fresh and dry mass of root 
Like that of shoot, the fresh and dry mass of root also increased in response to 
the age of the plants (Table 35). Plants raised from the seeds fed with metal before 
sowing showed significant reduction in the root mass of both the varieties. However, 
the dipping of root in either of the hormone (HBL/EBL) generate significant response 
in both the varieties. The unstressed seedling of K-25 variety gave maximum response 
to EBL where the values of fresh and dry mass of root was increased by 80.3%, 
82.6%) and 63.3%), 68.5%) at day 60 and 90 respectively, over the control. Moreover, 
ill effect generated by the metal in both the varieties was completely overcome by the 
hormone treatment. 
4.3.4 Leaf area 
Leaf area exhibited an increasing trend with the advancement of plant age 
(Table 36). Both the varieties had significant reduction in the leaf area in response to 
the metal treatment but Sarvodya experienced severe damage. However, feeding the 
seedling through root with either of the brassinosteroids (HBL/EBL) significantly 
favoured the leaf expansion and also neutralized the damaging effect of the metal in 
both the varieties. Maximum leaf area was recorded in unstressed K-25 plants 
supplied with brassinosteroids (HBL/EBL). EBL treated plants possessed 40.9% and 
33.7% bigger leaves at the two stages of growth (60 and 90 DAS) over the respective 
controls. 
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4.3.5 SPAD chlorophyll value 
It is evident from table 36 that in both the varieties leaves of the plants that 
were raised from the seeds given pre sowing seed soaking treatment in metal 
possessed lower chlorophyll content as compared to their control plants. Degree of 
damage caused by the metal was more pronounced at early stage of growth (60 DAS). 
However, the dipping of root in either of the brassinosteroids analogues (HBL/EBL) 
significantly improved the level of chlorophyll content in the leaves of both stressed 
and unstressed plants of both the varieties. Moreover, hormone treatment completely 
neutralized the ill effect of metal in K-25 and partially in Sarvodya. Out of the two 
brassinosteroids analogues EBL generated better response. Maximum values were 
recorded in unstressed K-25 plants, fed with EBL alone which was 44.3% and 36.2% 
higher over their respective non-sprayed control plants at 60 and 90 DAS. 
4.3.6 Net photosynthetic rate (PN) 
In both the varieties (K-25 and Sarvodya) leaves of the plant that were raised 
from the seeds given pre sowing seed soaking metal treatment, photosynthesized at 
slower rate than their respective control plants (Table 37). A progressive increased in 
the values was observed with the advancement of plant age. Dipping of roots in either 
of the brassinosteroids generated an additive power in the unstressed plants of both 
the varieties to photosynthesized at faster rate. Moreover, the treatment of the stressed 
seedling with the hormone significantly neutralized the toxic effect of metal in both 
K-25 and Sarvodya. The former variety was comparatively resistant therefore was 
more responsive to the hormone treatment. Maximum PN at 60 day stage was 
recorded from the leaves of unstressed K-25 variety that, received EBL treatment. It 
showed 29.7% higher values over control. However, at 90 day stage maximum value 
was generated by HBL treatment that was 20.0% higher than the control plants. 
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4.3.7 Stomatal conductance (gs) 
It is evident from table 37 that the stomatal conductance increased as the age 
advanced from day 60 onwards. Plants raised from the metal fed seed possessed lower 
values for gs in both the varieties at both the stages of growth. The toxic effect 
generated by the metal was more pronounced in Sarvodya than in K-25. The dipping 
of roots in hormone effectively neutralized the adverse effect of metal in stressed 
plants. The damage caused by the metal was partially neutralized m Sarvodya 
however, completely in K-25. Maximum values for gs were recorded from the leaves 
of K-25 that received EBL treatment alone. It showed 64.3% and 58.5% higher values 
at 60 and 90 DAS over their non-sprayed control plants. 
4.3.8 Internal CO2 concentration (Ci) 
Both the varieties showed significantly different response to all the treatments 
(Table 38). Metal treatment significantly decreased the internal CO2 concentration, in 
both the varieties at both the growth stages. Damage caused by the metal was more 
pronounced at early stage of growth. However, the follow-up treatment v^th either of 
the brassinosteroids analogues (HBL/EBL) as root dipping significantly improved the 
values in both unstressed as well as stressed plants, in both the varieties, but more 
actively in K-25. Maximum values for internal CO2 concentration at the two growth 
stage (60 and 90 DAS) were 22.3% and 19.1% higher in EBL fed plants over the 
controls. Moreover, the damage caused by the metal in both the varieties was 
significantly overcome by the hormone (HBL/EBL) treatment. 
4.3.9 Water use efficiency (WUE) 
Water use efficiency increased as the growth progressed from 60 to 90 DAS 
(Table 38). The values were significantly lower in the leaves of the plant raised from 
the metal fed seeds, in both the varieties. The application of either of the 
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brassinosteroids analogue (HBL/EBL) as root dipping significantly neutralized the ill 
effect of the metal in both the varieties. Maximum values at either of the stages of 
sampling (60 or 90 DAS) were recorded in K-25, supplied with EBL alone that were 
74.3% and 61.5% higher at 60 and 90 DAS over their control plants. 
4.3.10 Transpiration rate (E) 
It is evident from table 39 that the plants of both the varieties that were raised 
from the seeds given pre sowing seed soaking treatment in metal transpired at a 
slower rate than their control plants, but the toxic effect of metal was more 
pronounced in Sarvodya than in K-25. The treatment of the plants with either of the 
brassinosteroids (HBL/EBL) as root dipping generated a significant response. While 
comparing the effect of two brassinosteroids, EBL had a better effect than HBL under 
both stressed as well as unstressed conditions. Maximum values for E were recorded 
from the leaves of K-25 that received EBL treatment alone. It was 54.8% and 47.0% 
higher at 60 and 90 day stage respectively over control. 
4.3.11 Leaf water potential (\j/) 
Plants raised from the seeds fed with metal, before sowing possessed 
comparatively lower leaf water potential in both the varieties than their controls 
(Table 39). This deteriorating effect of metal was more pronounced in Sarvodya than 
K-25. However, the degree of toxicity generated by the metal decreased progressively 
as the growth progressed, as well as by the hormone treatment. Feeding either of the 
hormones (HBL/EBL) through root to the stressed plants significantly neutralized the 
ill effect on metal in both the varieties but more effectively in K-25, that reflected its 
resistant nature towards the metal stress. Moreover, K-25 possessed maximum leaf 
water potential on being treated with EBL, as it possessed 45.4% and 32.9% higher 
values at 60 and 90 day stages over their non-sprayed control plants. 
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4.3.12 Leaf nitrate reductase (NR) activity 
The activity of the enzyme increased as the growth progressed from 60 to 90 
DAS. Both the varieties showed significantly different response to the treatment 
(Table 40). Plants raised from the seeds pre-treated with metal possessed significantly 
lower enzymatic activity in both the varieties (K-25 and Sarvodya). However, the 
activity was significantly accelerated by the application of either of the 
brassinosteroids analogues (HBL/EBL) as root dipping in both unstressed as well as 
stressed plants, and completely overcame the toxic effect of metal in both the 
varieties. Moreover, maximum NR activity at both sampling stages (60 and 90 DAS) 
were recorded from the EBL treated unstressed K-25 plants that were 36.4%, 23.9% 
higher at 60 and 90 DAS respectively over their controls. 
4.3.13 Leaf carbonic anhydrase (CA) activity 
The leaves of the plants that were raised from the seeds given pre sowing seed 
soaking treatment with metal possessed significantly lower CA activity in both the 
varieties (Table 40). The degree of damage caused by the metal was more pronounced 
at early stage of growth than at later stage. However, the application of 
brassinosteroids (HBL/EBL) significantly enhanced the activity in both the varieties 
and also neutralized the damage caused by the metal completely in K-25 and partially 
in Sarvodya. K-25 had maximum CA activity at both stages of growth on being fed 
with the EBL alone that was 38.1 % and 34.0 % higher over their control plants. 
4.3.14 Leaf superoxide dismutase (SOD) activity 
It is evident from table 41 that the activity of SOD was significantly higher in 
the leaves of the stressed plants in both the varieties, and the follow-up treatment with 
the hormone (HBL/EBL) the activity was fiirther increased. Out of the two varieties, 
K-25 possessed comparatively higher activity in response to metal as well as 
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hormone, at both sampling stages. Maximum SOD activity was recorded from the 
leaves of K-25 that were fed with metal as well as EBL. It showed 38.1% higher 
enzyme activity at 60 day stage and 34.0% higher at 90 day stage. 
4.3.15 Leaf proline content 
Both the varieties showed significantly different response to the treatment 
(Table 41). In both the varieties the leaves of stressed plants possessed significantly 
higher proline content than their controls that increased fiirther with the advancement 
of plant age as well by the application of either of the hormone analogues 
(HBL/EBL). Out of the two hormones, EBL was foimd more effective in enhancing 
proline content in both the varieties, especially in K-25. It improved the values by 
59.5% and 54.3% at 60 and 90 day stages, in the stressed plants of K-25 variety. 
4.3.16 Leaf peroxidase (POX) activity 
The activity of POX increased as the growth progressed from 60 to 90 DAS 
(Table 42). The application of brassinosteroids further stimulated its activity and that 
to a maximum level in association with the metal, in both varieties (K-25 and 
Sarvodya). EBL proved better than HBL in both stressed as well as unstressed 
conditions. 
4.3.17 Leaf catalase (CAT) activity 
It is evident from table 42 that CAT activity followed pattern similar to that of 
POX. The metal stressed plants of both varieties possessed more activity than their 
control plants. Follow up treatment with either of the hormone (HBL/EBL) enhanced 
the activity further. Variety K-25 was more responsive towards the treatments and 
generated maximum response to the follow up treatment of EBL on metal stressed 
plants, and showed 64.1% and 55.0% higher values at 60 and 90 day stages over the 
unstressed non-sprayed control plants. 
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4.3.18 Lycopene, P-carotene and ascorbic acid content 
Both the varieties showed significantly different response to the treatment. 
The level of lycopene and p-carotene was lower in the fruits that were homed on the 
metal stressed plants (Table 43). However, the treatment with either of the 
brassinosteroids analogues significantly improved this content in the fruits of both 
unstressed as well as stressed plants. Variety K-25 possessed comparatively higher 
lycopene and p-carotene content in the fruits than Sarvodya. Moreover, the treatment 
with EBL further enhanced the values of these parameters by 49.1% and 39.6% 
higher over the control. Contrary to this ascorbic acid content of the fruit showed 
completely different trend. Its values decreased in response to hormone treatment. 
Variety Sarvodya possessed higher ascorbic acid than K-25. Maximum values were 
recorded from the metal stressed plants of Sarvodya that were 19.0% higher, over the 
control. 
4.3.19 Number of fruits and fruit yield 
The data depicted in table 44 clearly indicated that the nimibers of fruits and 
fruit yield per plant were significantly affected by the treatment. The plants of both 
the varieties that were fed with metal before sowing possessed significantly lower 
values for these parameters. However, the seedling that received either of the 
hormones alone possessed significantly larger number of fruits per plant and fruit 
yield in both the varieties. Out of the two hormones EBL generated better response. 
Variety K-25 possessed maximum values for both these parameters that were 71.2% 
and 54.0% higher over the control plants in response to EBL treatment. 
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4.4 Experiment 4 
4.4.1 Shoot and root length 
The observations depicted in table 45 indicated that Cd treatment resulted in 
a significant decrease in the length of shoot and that of root in all the varieties. The 
lowest level of metal (3 mg kg'') was found to be least toxic for K-25, K-21 and NTS-
9 that decreased the values of shoot and root length by 9.5%, 16.2%, 11.3% and 6.0%, 
10.4%, 5.4% over their respective control plants. However, varieties Sarvodya, NBR-
Uttam and Malti experienced severe damage at this level and showed 26.7%, 31.5%, 
37.3% and 32.2%, 35.5%, 34.1% decreased in shoot and root length over their control 
plants. Among others Kaveri, NBR-Uday and Swamodya showed intermediate 
response. Moreover the seeds of variety S-22 were very sensitive, and could not 
germinate in the presence of any of the cadmium level. 
4.4.2 Fresh and dry mass of shoot 
The presence of cadmium in the soil caused a significant reduction in the fresh 
and dry mass of shoot (Table 46) in all the varieties under observation. The highest 
(12 mg kg"') level of metal was most toxic and it decreased the fresh mass of shoot by 
38.6%, 35.9%, 31.5%, 37.2%, 35.5%, 40.0% and 45.6% and dry mass by 48.1%, 
50.3%, 53.6%, 55.9%, 57.2%, 60.1% and 61.5% in K-25, K-21, NTS-9, Kaveri, 
NBR-Uday, Swamodya and Sarvodya, respectively, over their controls. Moreover, 
varieties NBR-Uttam, Malti and S-22 could not survive at this level of the metal. The 
response was closely followed by the next level of the metal (9 mg kg"^ ). Variety 
NBR-Uttam and Malti experienced maximum damage at this level that was 25.6%, 
and 36.1% for fresh mass and 55.6% and 60.5% for dry mass over their control plants. 
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4.4.3 Fresh and dry mass of root 
The fresh and dry mass of root was significantly affected by the metal treatment 
in all the varieties (Table 47). The supply of the cadmium decreased the values for 
both these parameters in proportion to the concentration of metal. Variety NBR-Uttam 
and Malti showed 33.1%, 20.8% and 22.4%, 30.8% reduction in the fresh and dry 
mass of root in response to 3 mg kg''of the metal. However, at 12 mg kg"' these 
varieties could not survive. Among others, Kaveri, NBR-Uday and Swamodya were 
moderately affected by this level of the metal. Variety Sarvodya experienced severe 
damage at the highest level (12 mg kg"') and showed 50.5% and 50.0% reduction in 
the fresh and dry mass. However, K-25, K-21 and NTS-9 are the only varieties which 
showed a slight resistance against higher (12 mg kg"') level of metal. 
4.4.4 Leaf area 
All the varieties showed significantly different response to the metal treatments 
(Table 48). The values decreased as the level of the metal increased in the soil. The 
variety K-25, K-21 and NTS-9 exhibited minimum decrease in response to different 
Cd levels. At the highest level 12 mg kg"', it was most toxic, These three varieties 
showed 54.4%), 57.8% and 60.7%) decreased in leaf area than their control plants. 
Although, the varieties Kaveri, NBR-Uday and Swamodya were resistant to lower 
levels of metal (3 and 6 mg kg"') but at 12 mg kg"' they showed decline that was 
63.4%, 66.6% and 69.9% lower than their respective control. However, the variety 
Sarvodya was highly sensitive and showed 75.0% decreased at this level (12 mg kg"'). 
4.4.5 SPAD chlorophyll value 
SPAD chlorophyll values of all the varieties showed a linear decrease as the 
level of metal in the soil increased (Table 48). The lowest level of metal (3 mg kg"') 
was least toxic, for all the varieties. The varieties Sarvodya, NBR-Uttam and Malti 
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were highly sensitive and showed 18.0%, 15.9% and 29.4% lower values at 3 mg kg 
of Cd as compared to their respective controls. The higher level of Cd (6, 9 and 12 mg 
kg'') was highly toxic to these varieties. However, these levels generate moderate 
toxicity in Kaveri, NBR-Uday and Sarvodya and decreased the values 29.5%, 31.5% 
and 34.4% in response to 6 mg kg"' and 42.2%, 45.2% and 49.0% against 9 mg kg''. 
Varieties K-25, K-21 and NTS-9 showed significant resistance against these levels. 
However, 12 mg kg"' was extremely toxic for all the varieties. The decrease generated 
by this higher concentration was highly toxic for these varieties. 
4.4.6 Net photosynthetic rate (PN) 
The data in table 49 shows that all the cadmium levels caused a significant 
decrease in the PN in all the varieties. The degree of damage caused by the metal 
significantly increased with the level of metal. The variety Malti showed maximum 
inhibition which was 27.2%, 35.3% and 43.7% lower in response to 3, 6 and 9 mg 
kg"' respectively over their controls. At 12 mg kg"' this variety could not survive. The 
variety K-25 showed minimum decrease. The seeds of the varieties NBR-Uttam, 
Malti and S-22 could not germinate when treated with 12 mg kg'' CdCl2 level. The 
metal exerted a moderate toxic effect on varieties Kaveri, NBR-Uday, Swamodya and 
Sarvodya. The pattern of resistance exhibited by these varieties was Kaveri > NBR-
Uday > Swamodya > Sarvodya. 
4.4.7 Stomatal conductance (gs) 
Plants raised in the soil amended with the metal showed significantly lower 
values for stomatal conductance over their unstressed control plants (Table 49). Out 
of the cadmium level (3, 6, 9 or 12 mg kg"'), the highest (12 mg kg"') was the most 
damaging. The seeds of the varieties NBR Uttam, Malti and S-22 could not germinate 
at the level of 12 mg kg''of Cd. Varieties K-25, K-21 and NTS-9 are the only varieties 
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which showed a slight resistance to this higher level and the values of stomatal 
conductance fell by 22.6%, 29.8% and 31.8% below the respective controls. The 
response was closely followed in 9 mg kg"' that decreased the values by 14.6%, 
24.6% and 15.9% in K-25, K-21 and NTS-9 respectively. Variety Kaveri, NBR-Uday 
and Swamodya were widely affected by the above metal level. However, a sever loss 
in stomatal conductance was recorded in NBR-Uttam and Malti which were 44.7% 
and 47.5% less over the respective control at 9 mg kg"'. 
4.4.8 Internal CO2 concentration (Ci) 
All the varieties showed significantly different response to the different metal. 6 
mg kg"' metal generated moderate toxicity in all the varieties under observation 
(Table 50). The other two higher levels (9 and 12 mg kg"') showed higher magnitude 
of toxicity which varied from variety to variety. The varieties Kaveri, NBR-Uday, 
Swamodya were neither too resistant nor too sensitive to the metal where 9 mg kg" of 
the metal decreased Ci by 27.5%, 31.1% and 34.2% compared to their controls 
respectively. The varieties Sarvodya, NBR-Uttam and Malti were highly sensitive and 
showed 36.9%, 39.3% and 41.5% lower values over their respective controls. 
4.4.9 Water use efficiency (WUE) 
Data depicted in table 50 showed that WUE of different varieties significantly 
varied with respect to metal level. Out of the metal levels the lowest (3 mg kg"') was 
least toxic to all the varieties. The varieties NBR-Uttam, Malti and S-22 were highly 
sensitive where 3 mg kg"' caused a severe inhibition which was 14.3%, 13.0% and 
25.9% below their controls, respectively. At 12 mg kg"' level, these varieties could 
not survive, but at 9 mg kg"' level of the metal caused inhibitory effect of 43.5% and 
43.2% in NBR-Uttam and Malti. The seeds of variety S-22 could not germinate at 9 
mg kg"' level. 
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4.4.10 Transpiration rate (E) 
In all the varieties, the plants that were raised in the soil amended with the metal 
transpired at a slower pace than their unstressed control plants (Table 51). Variety S-
22 was most sensitive against metal stress that showed 9.79% reduction at 3 mg kg" of 
the metal and could not survive in the soil amended with the higher level of metal. 
Variety Kaveri, NBR-Uttam, Swamodya and Sarvodya showed moderate sensitivity 
against different levels. The highest level of the metal (12 mg kg"') was found lethal 
for varieties NBR-Uttam and Malti as they could not germinate. Among others, 
Kaveri, NBR-Uday and Swamodya showed moderate toxicity however, Sarvodya 
experienced severe damage. Varieties K-25, K-21 and NTS-9 were least affected. 
4.4.11 Leaf water potential (\|/) 
Leaf water potential of different varieties showed a linear decreasing trend with 
the increase in Cd levels (3, 6, 9, 12 mg kg"'). Among all the varieties, K-25, K-21 
and NTS-9 showed a significant resistance to the metal (Table 51). The highest (12 
mg kg"') level was most toxic for all the varieties. NBR-Uttam, Malti and S-22 could 
not germinate at this level. Kaveri, NBR-Uday, Swamodya were among the 
moderately affected. However, K-25, K-21 and NTS-9 showed comparatively a good 
resistance to the higher level. The pattern of resistance exhibited by these three variety 
was K-25 > K-21 > NTS-9. The decreased generated by the metal (12 mg kg'') in 
variety K-25 was 120.6%, below its control. The variety Sarvodya showed maximum 
inhibition that was 124.0%, below the control. The other metal level (3, 6 and 9 mg 
kg-1) generates toxicity in a concentration dependent manner. 
4.4.12 Leaf nitrate reductase (NR) activity' 
The activity of the NR in all the varieties was severely affected by the metal 
(Table 52). The highest metal level (12 mg kg"') was found to be to most toxic and 
CI. 
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caused maximum inhibition in Sarvodya that was 43.1% lower than control plants. 
Varieties K-25, K-21 and NTS-9 were found to be most resistant in terms of NR 
activity. Kaveri, NBR-Uttam and Swamodya were moderately affected. However, 
NBR-Uday and Malti could not survive at this level. In these varieties 9 mg kg' of Cd 
generate maximum inhibition. 
4.4.13 Leaf carbonic anhydrase (CA) activity 
Data depicted in table 52 showed that all the varieties showed significantly 
different response to the level of metal. The lowest level of metal (3 mg kg') was 
found to be least toxic for all the varieties. The variety S-22 was highly sensitive and 
experienced 50.5% decreased in response to lowest level (3 mg kg"') of metal, and 
was unable to survive at higher levels. The two higher levels (6 and 9 mg kg') 
generated moderate toxicity in Kaveri, NBR-Uday and Swamodya. Out of these two, 
9 mg kg'' contamination level generated maximum toxicity in NBR-Uttam and 
Sarvodya. However, K-25, K-21 and NTS-9 showed comparatively better resistance. 
At highest metal level K-25 was found to be most resistant, among all the varieties. 
4.4.14 Leaf superoxide dismutase (SOD) activity 
The activity of SOD increased in all the varieties with the increased level of 
metal in the soil. Varieties K-25, K-21 and NTS-9 showed 41.5%, 44.4% and 43.4% 
higher SOD activity at highest level of metal (Table 53). However, Kaveri, NBR-
Uday and Swamodya showed moderate response. Among all the varieties, (K-25, K-
21, NTS-9, Kaveri, NBR-Uday, Swamodya and Sarvodya) alive at level Sarvodya 
was found to be least responding at 12 mg kg'' level and possessed only 40.5% 
decreased enzymatic activity. NBR-Uttam and Malti showed maximum enzymatic 
activity at 9 mg kg'' contamination level. S-22 was again found to be most sensitive 
and showed maximum activity of the enzyme at 3 mg kg"' level. 
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4.4.15 Leaf proline content 
The proline content in the leaves follow a similar pattern as that of SOD and 
showed a significant increase with an increased level of metal in the soil (Table 53). 
Lowest level of metal showed least proline content in all the varieties, the higher two 
level 9 and 12 showed significantly different response that vary from variety to 
variety. 9 mg kg"* of the metal increased, maximum proline level by 15.3% and 5.6% 
in NBR-Uttam and Malti over their control. Maximum proline level in K-25, K-21 
and NTS-9, Kaveri, NBR-Uday, Swamodya and Sarvodya was recorded from the 
plants raised in the soil amended with 12 mg kg"' of the metal. The trend followed by 
these varieties was K-25 > K-21 > NTS-9 > Swamodya > Sarvodya. Among all these 
varieties Sarvodya was found to be most sensitive and K-25 was foimd to be the most 
resistant at all the levels of contamination. 
4.4.16 Leaf peroxidase (POX) activity 
In all the varieties, the activity of peroxidase showed positive correlation with an 
increase in the level of metal in the soil (Table 54). The activity of the POX was 
maximum in K-25 the values were 28.5%, 41.0%, 49.8% and 59.2% higher in 
response to 3, 6, 9 and 12 mg kg"' of metal in the soil. This response was clearly 
followed by K-21 and NTS-9. Among others Kaveri, NBR-Uday, Swamodya showed 
average response to all the levels of metal. The activity of enzyme in the varieties 
Sarvodya, NBR-Uttam and Malti were least among all the varieties. Out of these, the 
seeds of three varieties NBR-Uttam and Malti were unable to germinate at highest 
level (12 mg kg"') of metal. 
4.4.17 Leaf catalase (CAT) activity 
Data depicted in table 54 showed that all the varieties showed significantly 
different response to the metal treatment. The activity of CAT increased in proportion 
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to the level of metal. The highest level of metal was most active in enhancing the 
activity of the CAT. Variety K-25 showed maximum CAT activity in response to all 
the metal levels that was 20.0%, 29.4%, 37.6% and 43.9% higher than the control 
plants. The magnitude of response was closely followed by K-21 and NTS-9. Out of 
the varieties surviving the highest (12 mg kg'*) level of metal Sarvodya possessed 
least CAT activity that was 48.2%, over the control. NBR-Uttam and Malti showed 
maximum CAT activity and was 37.1% and 38.0% higher when subjected to 9 mg 
kg'' of Cd. However, S-22 showed maximum values with 3 mg kg'* of the metal that 
was 6.29% over the control, and was unable to survive at higher levels of metal. The 
degree of toxicity generated by these four levels of metal was in the order of 3 > 6 > 
9>12. 
4.5 Experiment 5 
4.5.1 Shoot and root length 
The length of shoot and that of root in both the varieties increased with the 
progress of the plant age (Table 55). The treatment with cadmium generated a decline 
in the values of both these parameter in proportion to the concentrations of metal. 
Variety Sarvodya experienced comparatively greater damage, at all the metal 
concentration than K-25. However, the follow-up treatment with brassinosteroid 
(HBL/EBL) improved length of the plants in both the varieties and also neutralized 
the damage caused by the metal, more effectively in K-25 than Sarvodya. The damage 
caused by the lower two concentrations of metal (3 and 6 mg kg"') was completely 
neutralized by the brassinosteroids spray in K-25 and partially in Sarvodya. Out of the 
two brassinosteroid analogues EEL was found to be more effective and improved the 
values in metal fed plants in a better way than HBL, in both the varieties. Maximum 
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values for shoot and root length 69.7%, 67.0% and 54.7%, 54.3% were recorded at 90 
DAS in the plants of K-25 and Sarvodya that received EBL alone at 59 DAS. 
4.5.2 Fresh and dry mass of shoot 
It is evident from table 56 that the plants raised from the soil amended with the 
metal possessed lower shoot mass for both the varieties. Plants of K-25 variety 
showed comparatively lesser loss in shoot mass against different metal 
concentrations, than Sarvodya. The highest concentration of metal was found to be 
most damaging for both the varieties. The spray of either of the brassinosteroid 
analogues (HBL/EBL) to the foliage of the plants significantly favoured shoot mass 
and also nullified the toxic effect of metal in a concentration dependent manner. The 
maximum values for fresh and dry mass of shoot at 90 DAS 82.8%, 71.7%, 61.2% 
and 78.2% were recorded from the unstressed plants of K-25 and Sarvodya sprayed 
with the EBL at 59 DAS, over their control respectively. 
4.5.3 Fresh and dry mass of root 
These parameters followed as pattern comparable to that of the fresh and dry 
mass of shoot (Table 57). Variety K-25 showed comparatively better resistance 
against different concentrations of metal than Sarvodya. However, the spray of either 
of the brassinosteroid analogues alone or as a follow up treatment improved the fresh 
and dry mass of root and also neutralized the damaging effect of metal to a limited 
extent, more effectively in K-25 than Sarvodya. EBL was a better promoter than HBL 
in case of both stressed as well as unstressed plants. 
4.5.4 Leaf area 
Leaf area of both the varieties (K-25 and Sarvodya) increased from day 60 to 90 
(Table 58). The values decreased as the concentration of the metal was increased in 
the soil. However, brassinosteroid (HBL/EBL) spray at 59 DAS, significantly 
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improved the leaf area in the next sampHng (90 DAS) and also neutralized the damage 
caused by the metal, in both the varieties, in a concentration dependent manner. The 
ill effect generated by the lowest metal concentration (3 mg kg'') completely 
overcame by either of the brassinosteroids in K-25. 
4.5.5 SPAD chlorophyll value 
The value for SPAD chlorophyll content increased as the growth proceeded 
(Table 58). However, the leaves of the plants that were grown in the metal amended 
soil possessed significantly lower values for chlorophyll content, the loss was in 
proportion to the concentration of metal in the soil. Variety Sarvodya experienced 
greater damage than K-25. A significant increase in the chlorophyll content of both 
the varieties was recorded in the plants supplemented by either of the brassinosteroid 
analogues (HBL/EBL). However the damage caused by the metal was effectively 
neutralized by the brassinosteroid spray in both the varieties, but more actively in K-
25. Out of the two analogues EBL was found to be more promising for both the 
varieties and enhanced the values by 52.3%, 33.6% and 40.0%, 36.2%, on being 
sprayed on unstressed plants, over their controls, at 60 and 90 DAS. 
4.5.6 Net photosynthetic rate (PN) 
The values of PN in both the varieties exhibited an increasing trend with the 
advancement of the plant age (Table 59). The plants supplemented with either of the 
brassinosteroid (HBL/EBL) had added efficiency to photosynthesize in both the 
varieties. However a significant reduction was observed in the PN in the plants, raised 
in the metal amended soil. However, the treatment of these plants, with either of the 
brassinosteroids significantly improved PN, but in a concentration dependent manner. 
K-25 was found to be more responsive towards the hormone, specifically toward EBL 
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and thus possessed 40.8% and 35.3% higher at both growth stage (60 and 90 DAS) in 
response to EBL spray alone over their respective control. 
4.5.7 Stomatal conductance (gs) 
The stomatai conductance exhibited an increase with growth in both the 
varieties (Table 59). The supply of metal in the soil had a negative impact and the 
degree of damage depended on the concentration of metal. Out of the two varieties, 
under observation Sarvodya experienced severe damage against the metal. However, 
the spray of either of the brassinosteroid significantly enhanced the values of gsOver 
the control in both the varieties, and also overcame the ill effect generated by metal 
when sprayed on the stressed plants. At both the stages of growth, plants treated with 
EBL alone showed maximum values for stomatal conductance that were 90.0% and 
77.3% higher at 60 day stage and 75.3% and 53.2% higher at 90 DAS in K-25 and 
Sarvodya respectively, over their non-sprayed control plants. 
4.5.8 Internal CO2 concentration (Ci) 
Both the varieties showed significantly different response to all the treatments. 
The values of Ci increased as the age of the plants advanced (Table 60). However, a 
significant reduction in Ci was observed in the metal fed plants of both the variety. 
The degree of damage by the metal was more prominent at early stage of the growth 
(60 DAS) than later stage (90 DAS). The follow up treatment with either of the 
brassinosteroid significantly improved the Ci in both the varieties and also completely 
neutralized the damage caused by the lower concentration of metal in K-25 and 
partially in Sarvodya. Thus K-25 was found to be more resistant than Sarvodya. 
4.5,9 Water use efficiency (WUE) 
Water use efficiency of both the varieties increased in response to growth 
advancement as well as brassinosteroids treatment (Table 60). However, the supply of 
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metal to the soil had an adverse impact and the degree of damage caused by the metal 
was in proportion to the concentration of metal. The follow-up treatment with 
brassinosteroids significantly improved the damaging effect of the metal more 
actively in K-25 than in Sarvodya, as either of the brassinosteroid completely 
neutralized the damage caused by the lower three concentrations (3, 6 and 9 mg kg') 
in K-25. Moreover, in Sarvodya this target is achieved only at the lower concentration 
of metal (3 mg kg''). Hence again the best values were recorded at both the stages by 
the EBL spray alone that were 96.2%, 90.3% and 75.1%, 69.0% higher for K-25 and 
Sarvodya at 60 and 90 DAS. 
4.5.10 Transpiration rate (E) 
Transpiration rate in both the varieties increased as the growth progressed from 
60 to 90 DAS (Table 61). However, a significant decrease in the values of E was 
observed from the leaves of the plants raised in the metal amended soil. However, 
brassinosteroids spray to the foliage of the stressed plants significantly nullified the 
toxic effect of metal and also improved the values of E on being sprayed on the 
unstressed plants. Out of the two analogues EBL generated better response than HBL 
and out of the two varieties K-25 showed better response than Sarvodya. Thus foliage 
of the K-25 variety sprayed with EBL alone showed 8.6% and 36.1% higher at two 
stages of growth (60 and 90 DAS) over their respective non-sprayed control plants. 
4.5.11 Leaf water potential (v|/) 
Data depicted in table 61 shows that in the leaves of both the varieties under 
metal stress possessed significantly lower \|/ than their control plants. This loss was in 
proportion to the concentration of metal. Moreover, the spray of either of the 
brassinosteroid analogues was found effective in neutralizing the ill effect of metal 
more effectively in K-25. As in case of K-25 the spray of either of the analogues 
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completely neutralized the damage caused by the lower two concentrations (3 and 9 
mg kg'') of metal. However, in Sarvodya, the toxic effect generated by the lowest 
concentration (3 mg kg"') of metal was completely neutralized by the hormone 
treatment. Moreover, EBL proved better than HBL, and generated maximum values in 
both the varieties, when sprayed on their unstressed plants. It showed 50.0%, 33.76% 
and 32.5%, 19.5% higher values in K-25 and Sarvodya at 60 and 90 DAS over their 
control plants respectively. 
4.5.12 Leaf nitrate reductase (NR) activity 
It is evident from table 62 that, all the treatments significantly affected both the 
varieties. The activity of NR increased with the advancement of the plant age (60 to 
90 DAS). A sharp decrease was observed in the activity of NR in the metal fed plants. 
The degree of damage caused by the metal was in proportion to its concentration. 
Application of the brassinosteroid analogues (HBL/EBL) to the foliage of the plants 
not only increased values but also overcame the toxic effects of the metal, completely 
at the lowest concentration of the metal (3 mg kg"') and partially at the higher 
concentration, in both the varieties. However, K-25 was more responsive towards the 
follow-up treatment of hormone and thus, either of the hormone spray completely 
neutralized the damage, at both the stage and enhanced the values over the control. 
EBL excelled in its effect over HBL and enhanced the values, that were comparable 
to the control. 
4.5.13 Leaf carbonic anhydrase (CA) activity 
The activity of CA exhibited an increasing trend with the advancement of the 
plant age (Table 62). Plants raised in the metal amended soil possessed significantly 
lower CA activity in both the varieties than their control plants. The loss was more 
visible in the plants fed with the highest level of metal. However, the foliage of the 
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plants sprayed with either of the brassinosteroid analogues, nullified the effect of the 
metal, to a limited extent in the plants fed with higher metal level but completely in 
plants fed with the lower concentration of metal. Both the brassinosteroids analogues 
generated almost similar response. 
4.5.14 Leaf superoxide dismutase (SOD) activity 
The data depicted in table 63 clearly revealed a significant increase in the 
activity of SOD in both the varieties in response to growth from day 60 to 90 and also 
to the supply of metal and/or either of the brassinosteroid analogue (HBL/EBL) 
treatment. Control plants of both the varieties possessed minimum SOD activity. The 
level of the enzyme increased with an increased in the level of metal (3 to 12 mg 
kg"'). Moreover, the spray of either of the analogues to the metal treated plants had an 
additive effect on the enzyme activity. EBL spray excelled in its effect over HBL. 
Maximum values for the SOD activity at both the growth stages were recorded irom 
the stressed leaves of K-25 at the two stages of growth (60 and 90 DAS) over their 
non-stressed, non-sprayed control plants. 
4.5.15 Leaf proline content 
Compared with the control, the proline content in the leaves of both the varieties 
increased in the plants fed with metal or either of the brassinosteroid analogues 
(HBL/EBL). The plants exposed to the hormone as well as the metal possessed largest 
quantities which increased further with an increase in the level of the metal (Table 
63). Out of the two varieties K-25 was found to be more responsive towards all the 
treatments than Sarvodya, and also possessed higher proline content. Moreover, 
maximum values for proline content in both the varieties were recorded fi*om the 
plants fed with highest concentration of metal, and also received EBL spray as a 
follow up treatment. It showed 154.0% and 110.1% increase at 60 day stage and 
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123.0% and 94.0% at 90 DAS in K-25 and Sarvodya respectively, over their control 
plants. 
4.5.16 Leaf peroxidase (POX) activity 
The data depicted in table 64 revealed that both the varieties showed 
significantly different response to the treatment. The activity of POX increased as the 
growth progressed from 60 to 90 DAS. Moreover plants raised from the metal 
amended soil possessed significantly higher POX activity than their control plants and 
the follow up treatment with either of the brassinosteroid analogues had an additive 
effect in this enhancement. Variety K-25 showed higher POX activity in response to 
all the treatments than Sarvodya. However, at both the stages of growth, maximum 
values were recorded from the leaves of the plants that received highest level of metal 
(12 mg kg"') and EBL spray. It showed 153.9% and 110.9% increase at 60 day stage 
and 118.4% and 85.5% increased at 90 DAS in K-25 and Sarvodya over their controls 
respectively. 
4.5.17 Leaf catalase (CAT) activity 
The activity of this enzyme also follows a similar trend as that of POX (Table 
64). It also increased as the age of the leaves advanced. The supply of metal and/or 
hormone significantly increased the activity of enzyme in both varieties. Moreover, 
increase in the level of metal further increased the activity of CAT. The plants fed 
with highest level of metal (12 mg kg'') in association to EBL generated the most 
favourable response that was 66.8% and 47.2% higher at 60 DAS and 52.1% and 
36.5% at 90 DAS in K-25 and Sarvodya respectively, over their control plants. 
4.5.18 Lycopene P-carotene and ascorbic acid content in fruits 
At harvest, fruits developed on the plants grown in metal amended soil 
possessed significantly lower values for lycopene and p-carotene content, this loss, 
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increased further with an increase in the level of metal (Table 65). However, variety 
K-25 showed comparatively better resistant against metal stress than Sarvodya. 
Moreover, the follow-up treatment with either of the brassinosteroid analogues, 
improved the values further and also completely neutralized the toxic effect generated 
by the metal in both the varieties, more effectively in K-25 than in Sarvodya. 
However, the ascorbic acid content in the fruit showed a significant reduction in 
response to the hormone and the values in the fruits increased with the increased level 
of metal in the soil where Sarvodya possessed higher ascorbic acid than K-25. 
4.5.19 Number of fruits and fruit yield 
Plants grown in the metal amended soil possessed comparatively lower 
number of fruits and fruit yield per plant, at harvest (Table 66). This rate of loss was 
proportional to the concentration of the metal. However, the treatment with either of 
the brassinosteroids to the foliage, favoured the number of fruits and fruit yield per 
plant and also neutralized the toxic effect generated by the metal upto a limited extent 
at higher level of metal in both the varieties. K-25 was comparatively resistant and 
more responsive toward hormone treatment. The response of plants to two lower 
levels of metal (3 and 6 mg kg"') was completely overcome by the application of 
brassinosteroid. The values therefore, exceeded over the control or were at par with 
the control. 
4.6 Experiment 6 
4.6.1 Shoot and root length 
The data depicted in table 67 clearly revealed that the length of shoot and 
root exhibited a progressive increase from day 60 to 90. However, plants raised in the 
soil, amended with metal significantly decreased the values for both these parameters, 
in proportion to the level of the metal. Dipping of roots in either of the brassinosteroid 
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analogue significantly favoured elongation, and also neutralized the ill effects 
generated by the metal completely at its lower level and partially at the highest level. 
K-25 responded in a better way towards the hormone treatment than Sarvodya, and 
out of two hormone analogues EBL generated better response under unstressed as 
well as stressed conditions. Thus finally maximum values 71.1%, 82.1% and 55.0%, 
71.0% for shoot and root length were recorded from K-25 plants, fed with EBL at 60 
and 90 DAS. 
4.6.2 Fresh and dry mass of shoot 
The supply of metal through the soil caused a sharp reduction in the shoot mass 
of both the varieties (Table 68) in a concentration dependent manner. As the growth 
progressed from 60 to 90 DAS, the mass of the shoot also increased but the degree of 
damage caused by the metal treatment decreased. However, the follow-up treatment 
to the stressed seedling with either of brassinosteroids at 20 day stage through root 
dipping, significantly improved the shoot mass in both the varieties as compared to 
those which did not received brassinosteroids. Moreover, EBL treatment countered 
the inhibitory effect of metal more effectively than HBL. Maximum shoot mass in 
both the varieties was recorded from the EBL fed plants that was 53.1%, 50.1% and 
43.0%, 40.0% higher shoot fresh mass and 68.2%, 54.9% and 52.2%, 53.6% dry mass 
in K-25 and Sarvodya at 60 and 90 DAS respectively over the control. 
4.6.3 Fresh and dry mass of root 
As the growth advanced from day 60 to 90 the fresh and dry mass of root 
increased (Table 69). However, a significant decrease in the root mass was observed 
in the plants that were raised in the soil amended with the metal. K-25 plants showed 
comparatively better resistance against the metal stress than Sarvodya. However, 
dipping the roots in either of the brassinosteroid analogues favoured roof mass and 
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also nullified the toxic effect of the metal more actively in K-25 than in Sarvodya. 
EBL treatment enhanced fresh mass of root by 33.8%, 72.6% and 73.1%, 55.1% and 
dry mass by 75.1%, 66,0% and 53.3%, 51.0% in unstressed plants of K-25 and 
Sarvodya at 60 and 90 DAS over their respective controls. 
4.6.4 Leaf area 
The leaf area at 90 day stage, was maximum in the plants of both the varieties, 
fed with either of the brassinosteroid analogues (HBL/EBL) where the EBL was more 
effective than HBL and improved the leaf area by 27.0% and 12.0% over the control 
in K-25 and Sarvodya at 90 DAS (Table 70). However, plants raised in the metal 
amended soil, possessed smaller leaves. A maximum loss, in both the varieties, was 
recorded with the highest level of metal (12 mg kg''). This ill effect generated by the 
metal, was effectively neutralized by the hormone treatment as root dipping, more 
actively at the lower toxic level. K-25 showed slightly better resistance against metal 
stress than Sarvodya. 
4.6.5 SPAD chlorophyll value 
Both the varieties showed significantly different response to the treatment. The 
values of SPAD chlorophyll content increased in response to growth advancement as 
well as either of the brassinosteroids treatment through root dipping (Table 70). 
Seedling treated with EBL alone, generate maximum values 45.0%, 42.0% and 
33.9%, 40.0% in K-25 and Sarvodya at both the sampling stages (60 and 90 DAS) 
respectively. However, a sharp decrease in chlorophyll values were recorded from the 
metal fed plants that increased further with the metal concentration. However, 
treatment of the stressed seedling with either of the brassinosteroid, significantly 
decreased the toxic effect of the metal, more effectively at lower metal levels. K-25 
was found to be comparatively more responding towards hormone treatment, the toxic 
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effect generated by lower two levels of metals in this variety was completely 
overcome by the hormone treatment, and values exceeds that of the control. 
4.6.6 Net photosynthetic rate (PN) 
It is evident from table 71 that the PN increased with the age of the plants, and 
the leaves of the plants, that were fed through root with either of the hormone 
(HBL/EBL) showed maximum PN in both the varieties. Out of the two hormone 
analogues, the impact of EBL was more prominent that raised the values by 32.5%, 
33.0% and 25.0%, 27.0% for K-25 and Sarvodya at 60 and 90 DAS respectively over 
their control plants. However, the plants fed with metal showed significant reduction 
that was highest in the plants fed with 12 mg kg"' level. The treatment of the stressed 
seedling with hormone improved the values, upto a certain extent, in both the 
varieties. 
4.6.7 Stomatal conductance (gs) 
The values of gs increased with the age of the plants (60 to 90 days) and 
exhibited a negative response to the metal treatment, irrespective of varietal 
differences (Table 71). The toxic effect generated by the metal in these varieties was 
more pronounced at the early stage of growth than at the later stage. However, 
treatment of the stressed seedling at 20 day stage through root dipping with either of 
the brassinosteroid analogues significantly decreased the toxic effect of metal in both 
the varieties and partially overcame the toxic effect generated by the highest 
concentration of metal. K-25 was found to be more resistant against different (3, 6, 9 
or 12 mg kg") metal level than Sarvodya. Moreover, subsequent treatment with either 
of the analogues to the unstressed plants of both varieties showed maximum values at 
both sampling stages. EBL excelled in its effect over HBL, and showed 77.4%, 68.8% 
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and 62.5%, 61.0% higher values for gs in K-25 and Sarvodya respectively over their 
controls, at 60 and 90 day stages. 
4.6.8 Internal CO2 concentration (Ci) 
The values for Ci in both the varieties increased with the age of the plants (Table 
72) from day 60 to 90 and were significantly higher over the control in those, where 
the seedlings were supplemented with either of the brassinosteroid (HBL/EBL) 
through root. Out of the two hormone analogues, EBL proved better in generating 
higher values that were 17.0%, 12.1% and 11.0%, 8.0% more in K-25 and Sarvodya 
at both the stages of sampling over their respective controls. However, plants received 
metal through soil, showed significant reduction in the values of Ci, and this loss was 
in proportion to the concentration of metal. Moreover, the treatment with hormone 
significantly overcame the toxic effect of metal in both the varieties, but obviously in 
a concentration dependent manner. 
4.6.9 Water use efficiency (WUE) 
Data depicted in table 72 showed that plants of both the varieties grow in metal 
amended soil possessed significantly lower values for WUE than their control plants. 
The values decreased further as the concentration of metal increased in the soil. 
However, dipping of roots in either of the brassinosteroid analogues (HBL/EBL), 
significantly enhanced the values of WUE in both the varieties. The follow-up 
treatment of the stressed plants, with brassinosteroids neutralized the damaging effect 
of the metal to a larger extent in K-25 than in Sarvodya. 
4.6.10 Transpiration rate (E) 
Both the varieties showed significantly different response to the treatment 
(Table 73). Transpiration rate exhibited an increasing trend with the advancement of 
plant age. The supply of cadmium in the soil, had a negative impact, and the degree of 
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damage, depended on the level of metal. The highest level of metal (12 mg kg") v a^s 
found to be most toxic for both the varieties. However, subsequent treatment with 
brassinosteroid analogues (HBL/EBL) through root increased the values for E over 
that of the control, and also completely neutralized the toxic effect generated by the 
lowest level of metal (3 mg kg''), but partially that of the highest level (12 mg kg''). 
Both the varieties (K-25 and Sarvodya) showed maximum E (30.0%, 36.3% and 
23.0%, 29.4%) in response to EBL treatment alone at 60 and 90 DAS. 
4.6.11 Leaf water potential (v|/) 
The values of leaf water potential in both the varieties, increased with the age of 
leaf, but decreased to a significant level by metal treatment, that was in proportion to 
the level of the metal (Table 73). However, the treatment of brassinosteroid analogues 
(HBL/EBL) alone or as a follow-up treatment through roots improved the \|/ and also 
neutralized the damaging effect of the metal to a limited extent. Out of the two 
hormone analogues EBL proved superior, in enhancing the values of \\t in both the 
varieties by 47.2%, 36.4% and 37.7%, 24.4% at 60 and 90 DAS respectively in K-25 
and Sarvodya, over their control plants. 
4.7.12 Leaf nitrate reductase (NR) activity 
The activity of NR increased with the age of the leaves (Table 74) and was 
significantly affected by the treatment. The supply of the metal in the soil caused 
significant reduction in the activity of NR that was in a dose dependent manner. 
However, subsequent treatment of the seedling with either of the brassinosteroid 
analogues (HBL/EBL) through roots significantly enhanced the values, that was more 
pronounced in K-25 than in Sarvodya, and also neutralized the damage caused by the 
metal more actively at the lower level (3 mg kg''). Plants fed with HBL treatment 
alone possessed maximum NR activity and were 38.0% and 29.1% higher in K-25, 
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13 
compared with its control. However, in Sarvodya EBL excelled in its effect over HBL 
and enhanced the values 39.2% and 32.2% at two growth stage (60 and 90 DAS) 
respectively over their control plants. 
4.6.13 Leaf carbonic anhydrase (CA) activity 
The leaves of both the varieties possessed higher CA activity at later stage (90 
DAS) than at early stage (60 DAS) of growth (Table 74). The activity improved 
further, if the plants were supplied with either of the brassinosteroid (HBL/EBL) 
through root. Out of the two brassinosteroid, EBL proved better than HBL and 
generated 33.0%, 29.9% and 27.1%, 25.0% more values than the control plants in K-
25 and Sarvodya at 60 and 90 day stages respectively. However, a sharp decrease in 
CA activity was observed in the leaves of stressed plants, and decreased further with 
the concentration of the metal. The follow-up treatment with brassinosteroids 
significantly decreased the toxic effects of metal almost completely at the lower level 
of metal and partially at the higher level. K-25 was more responsive towards the 
hormone than Sarvodya. 
4.6.14 Leaf superoxide dismutase(SOD) activity 
It is evident from table 75 that activity of SOD increased as the age of the leaf 
advances. The plants received metal through soil showed significant increase in the 
activity of the enzyme at the same rate as the concentration of the metal in the soil 
increased. However, the application of the hormone, caused further increase in its 
activity, and thus the plants received the highest metal level and also received 
hormone treatment through root, possessed maximum SOD activity in both the 
varieties. K-25 possessed higher SOD activity than Sarvodya in response to all the 
treatments. 
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4.6.15 Leaf proline content 
The values summarized in table 75 show a significant improvement, over the 
control, in the proline content of the leaves, supplemented with the metal and/or 
hormone (HBL/EBL), that increased further with the advancement of the plant age 
(60 and 90 days). Both the varieties showed significantly different response to all the 
treatments. K-25 possessed comparatively higher proline content than Sarvodya. 
Moreover, treating the roots of the stressed plant with either of the hormone analogues 
(HBL/EBL) generated maximum values for proline content. Both the hormone 
analogues generated values very close to one another. The maximimi values in both 
the varieties were recorded fi:om the plants received the highest level of metal in 
association with EBL that was 146.0%, 115.0% and 118.0%, 88.4% higher at 60 and 
90 DAS respectively over their control plants. 
4.6.16 Leaf peroxidase (POX) activity 
From day 60 to 90, irrespective of the treatment, both the varieties possessed 
higher POX activity (Table 76). However, plants received metal possessed 
significantly higher POX activity than the control plant. Dipping of the root in either 
of the brassinosteroid analogues had an additive effect on the POX activity. The 
activity of the POX increased with an increase in the level of metal. Out of the two 
varieties K-25 possessed higher POX activity than Sarvodya, at all the treatments. 
Maximum values in K-25 were recorded in response to highest metal level (12 mg 
kg"') in association with EBL. It showed 103.8% and 82.1% increase at 60 and 90 
DAS respectively over the control plants. 
4.6.17 Leaf catalase (CAT) activity 
It is evident from table 76 that the leaves of both the varieties, received metal 
through soil or dipping in hormone (HBL/EBL) possessed higher CAT activity than 
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the control, at both the stages of sampHng (60 and 90 DAS), respectively. Its values 
increased as the growth progressed and exhibited further linear increase in response to 
increased level of metal. Moreover, treating the plants, with EBL proved more fruitfiii 
than HBL, thus in both the varieties maximum values were recorded from the plants 
received with highest level of metal in association with EBL where the respective 
increase was 37.0%, 26.3% and 25.1%, 20.9% at 60 and 90 DAS, over the control. 
4.6.18 Lycopene P-carotene and ascorbic acid 
Fruits developed at the control plants in both the varieties possessed lower 
lycopene and |3-carotene content compared with those fed with either of the 
brassinosteroids (Table 77). However, the plants received metal possessed 
significantly lower values for these contents, in both the varieties (K-25 and 
Sarvodya). The decrease in the values was in proportion to the concentration of metal. 
The plants received the highest level of metal (12 mg kg'') possessed least lycopene 
and p-carotene contents. The subsequent treatment of the stressed seedlings with 
brassinosteroids neutralized the ill effect generated by the metal to a limited extent in 
both the varieties. K-25 showed comparatively better resistance to metal than 
Sarvodya. 
Ascorbic acid content of the fruits showed a direct relation with the increasing 
concentration of metal and the maximum values in both the varieties were recorded 
from the plants received the highest level of metal (12 mg kg''). However, hormone 
treatment had a negative impact on this content, and ascorbic acid content decreased 
both in stressed as well as unstressed plants (Table 77). 
4.6.19 Number of fruits and fruit yield 
The seedlings that received brassinosteroids possessed significantly larger 
number of fruits and fruit yield per plant, at harvest (Table 78) than any other 
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treatment. The values for these parameters were 72.0%, 51.0% and 73.3%, 63.9%, 
higher over the control, recorded with EBL treatment in K-25 and Sarvodya, 
respectively. However, plants received metal showed significant reduction in these 
parameters in a dose dependent manner. However, treatment of the stressed seedlings, 
with either of the brassinosteroid (HBL/EBL) through root completely neutralized the 
damage caused by the lower level (3 mg kg'') of metal and partially at the higher 
levels in both the varieties. 
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DISCUSSION 
Out of the genomic information stored in a cell to code for the synthesis of 
proteins, needed in the whole life span of the plant to regulate various activities only a 
limited portion of it is expressed at any given time of plant growth and development. 
Each set of these proteins (enzymes) is specifically recognized to regulate a definite 
process of physiochemical expressions, going on in the cell. However, there are forces 
that play a significant role in selecting the pattern of the repression/depression of 
these genes. These important ones are light (Thompson and White, 1991), 
poUutants/elicitors/phytotoxins (Royals et al, 1992), phytohormones (Cleland, 1999) 
and also the electrical signals and small biomolecules generated while establishing 
communication between the cells (Robards and Lucas, 1990). 
Out of the above mentioned forces cadmium and brassinosteroids were selected 
for the present study. Cadmium is one of the important phytotoxic element that causes 
growth inhibition and even plant death, although the mechanism involved in its 
toxicity are still not completely understood. On the other hand brassinosteroids are a 
new class of phytohormones that play a vital role in growth by activating cell 
division, elongation and their proliferation (Arteca, 1997). Moreover, BRs also elicit a 
positive shift in the responsiveness of the plants (Mandava et al, 1981; Mandava, 
1988; Cutler, 1991; Yopp et al, 1991 and Khripach et al, 2000). 
In the present study the cadmium fed through seed or soil caused a 
significant damage to the plants that is expressed in terms of reduced growth (length 
of shoot and root, their fresh and dry mass and leaf area). This supports our earlier 
observation in Brassica juncea (Hayat et al, 2007 a) and in Cicer arietimm (Hasan et 
al., 2008). A reason that may simplify the cause behind this damage may be the loss 
of cellular turgor, inhibition of cellular activities and cell enlargement (Gabbrielli et 
al, 1990). BRs improved the fresh and dry mass of shoot and root and their length 
(Tables 21-23, 33-35, 55-57, 67-69) as they are proved to be essential for the growth 
of the mutant of Arabidopsis thaliana (Li et al, 1996) and Pisum sativum (Nomuro et 
al, 1997). Therefore, the exogenous application of BRs to varied groups of plants is 
found to improve the growth of the root and/or that of shoot (Hayat et al, 2001; 
Bajguz and Tretyn, 2003; Fariduddin et al, 2004, 2005; Ali et al, 2008 b; Hasan et 
al, 2008). Similarly the leaves of the BRs treated plants possessed more surface area 
(Tables 24, 36, 58 and 70) which could mainly be an expression of activated cell 
division and cellular enlargement induced by the application of BRs (Clouse and 
Sasse, 1998). It gets further support from Sairam (1994), Pipattanawong et al (1996) 
and Singh (1996), who reported an increase in leaf area by hormonal treatment. 
A loss in leaf water potential of the plants (Table 14, 27, 39, 51, 61 and 73) 
treated with cadmium, is possibly an impact of the metal on the electrical potential of 
the plasma membrane that affected not only the absorption of ions (Hamandez et al, 
1996) but also that of water, generating water stress (Barcelo and Poschenrieder, 
1990). BRs had a favourble impact on the leaf water potential of the plants, even if 
given as a follow up treatment with cadmium (Tables 27, 39, 61 and 73). BRs 
generate such a response because of their involvement in the activation of ATPase 
pump (Khripach et al, 2003). 
The cadmium is known to enhance the level of the enzyme chlorophyllase that 
brings about the degradation of the chlorophyll (Reddy and Vora, 1986) and also 
declines the synthesis of 6-aminolavulinic acid and protochlorophyllide reductase 
complex (Stobart et al, 1985). Therefore, a cumulative effect may be generated and 
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expressed in the form of a decrease in the SPAD chlorophyll values (Tables 8, 24, 36, 
48, 58 and 70). This is in conformity with Gadallah (1995). This damaging effect of 
the metal was overcome in the plants given a followup treatment with BRs (Table 24, 
36, 58 and 70). BRs fed to the non-stressed plants significantly increased the pigment 
content that supports the findings of others (Braun and Wild, 1984; Bhatia and Kaur, 
1997; Hayat et al, 2000, 2001; Fariduddin et al, 2003 and Yu et al, 2004; Ali et al, 
2006; 2007). The reason that sounds best in defending the said observation is possibly 
the BL-induced impact on transcription and/or translation (Bajguz, 2000) by 
involving the expression of specific genes responsible for the synthesis of the 
enzymes determining chlorophyll generation. 
Carbonic anhydrase (CA) is the enzyme which catalyzes the reversible 
hydration of carbon dioxide and maintains its constant supply to RuBPCase, at the 
level of the grana of the chloropalst (Majeau and Coleman, 1994; Price et al, 1994). 
Otherwise at ambient concentration of inorganic carbon, the activity of RuBPCase 
gets restricted (Majeau and Coleman, 1994). Moreover, CA is also hypothesized to be 
involved in photosynthetic electron transport system (Stemler, 1997) and in 
maintaining chloroplast pH during rapid changes in light intensity (Reed and Graham, 
1981). The reported decrease in the activity of CA (Tables 16, 28, 40, 52, 62 and 74) 
by cadmium is in agreement with other (Hayat et al, 2007 a; Hasan et al, 2008). The 
activity of this enzyme is largely determined by photon flux density, concentration of 
CO2, the availability of Zn (Tiwari et al, 2005) and the genetic expression (Kim et 
al, 1994). The stress generated by cadmium decreases the partial pressure of CO2 in 
the stroma by inducing the stomatal closure (Barcelo and Poschenrieder, 1990) 
resulting in the loss in the activity of CA. However, the treatment with BRs, alone or 
as a follow-up treatment to the Cd-stressed seedling elevated the activity of CA, by 
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speeding up the assimilation of CO2 (Yu et al., 2004) that could be an impact of BRs 
on the expression of specific genes (Kripach et al., 1999). Moreover, BRs are also 
involved in the transcription and/or translation that may generates a significant impact 
on the activity of CA (Okabe et al., 1980). 
The plants exposed to cadmium stress exhibit a slow down of the net 
photosynthetic rate that was accomplished by a significant decrease in stomatal 
conductance (gs), intercellular CO2 concentration (Ci) water use efficiency (WUE) 
and transpiration rate (Tables 9-13,25-27, 37-39, 49-51, 59-61, 71-73). As mentioned 
earlier Cd bring about the closure of stomata by decreasing the partial pressure of CO2 
in the stroma (Barcelo and Poschenrieder, 1990) this becomes the direct cause of 
observed loss of gs, Ci, and E. A cumulative effect of all these altered process lead to 
a decrease in the photosynthetic rate (Tables 9, 25, 37, 49, 59 and 71). The other 
possible reason for this decrease in the net photosynthetic rate under the influence of 
cadmium may be its direct impact on the metabolic reactions as the metal has a 
capacity to bind with specific proteins, to inactivate them (Van Assche and Clijsters, 
1990). Low CO2, decrease in photosynthetic pigment (SPAD chlorophyll value) and 
the activity of CA are the additional reasons to cause lower PN rate. This further 
strengthens by an observed positive correlation between CA and PN (Figs 1-4). 
Moreover, cadmium has a damaging effect on the activity of Rubisco (Siedlecka et 
al., 1997) which will naturally have a negative impact on CO2 reduction. However, 
the application of BRs improved all the photosynthetic attributes (Tables 25-27, 37-
39, 59-61, 71-73). BRs are also known to have a positive impact on RuBPCase 
activity (Braun and Wild, 1984) a key enzyme of photosynthesis and related process. 
Moreover, higher RuBPCase activity, in the treated leaves, might have naturally been 
attained by the observed increase in CA activity (Table 28, 40, 62 and 74). The other 
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crops have also been reported to possess higher rate of photosynthesis and related 
attributes in response to BRs under differential abiotic stresses (Ali et al., 2008 a, b; 
Fariduddin et al, 2009).The reasons assigned above may be the potential 
contributions for improving photosynthetic activity in the plants supplemented with 
BRs. 
The activity of nitrate reductase enzyme exhibited a significant decline in 
response to cadmium treatment (Table 15, 28, 40, 52, 62 and 74). The process of 
nitrate reduction depends on the three main factors (a) substrate (NO3) level in the 
cotyoplasm (b) the level of functional nitrate reductase (NR) and/or (c) the activity 
level of functional NR. Each of these processes is, directly or indirectly dependent on 
the metabolic sensors and/or signal transducters (Campbell, 1999). Moreover, the 
major rate limiting step in the whole process of nitrate reduction is the conversions of 
nitrate to nitrite (Salisbury and Ross, 1992) which is catalyzed by nitrate reductase 
(NR). The observed decrease in NR activity is an impact of the metal on the activity 
of plasma membrane proton pump (Obata et al, 1996) and the fluidity of the 
membrane (Meharg, 1993), restricting the uptake of nitrate, the inducer and substrate 
of NR (Hernandez et al, 1996; Campbell, 1999). However, the application of BRs 
alone or as a follow up treatment after feeding cadmium increased the activity of NR 
that could be an expression of the impact of BRs on translation and/or transcription 
(Khripach et al, 2003). The other possible reason may be the involvement of BRs in 
increasing the concentration of NO3 by acting at the level of the membrane (Mai et 
al, 1989). 
In a natural course, the plants exposed to stress generate a large quantity of 
reactive oxygen species (ROS) (Schutzendubell and PoUe, 2002) that may oxidize 
proteins, lipids and nucleic acids, resulting in the abnormalities at the level of the cell 
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(Sanita di toppi et ai, 1998). However, the plants are capable to counter successfully 
such stress conditions by inducing the synthesis of antioxidant metabolites (ascorbate, 
glutathione, tocopherol and proline) and enzymes (superoxide dismutase, catalase, 
peroxidase and glutathione reductase) that provide additional power of resistance to 
neutralize the toxic effects of the stress generated through ROS (Schutzendubel and 
Polle, 2002) such as superoxide radical, hydroxyl ions and H2O2. Moreover, the level 
of these enzymes in cadmium stressed plants increased further by a followup 
treatment with BRs (Table 29, 30, 41, 42, 63, 64, 75 and 76). The elevation in the 
activities of antioxidant enzymes by BRs is a gene regulated phenomenon. Cao et al. 
(2005) demonstrated on the basis of molecular, physiological and genetic approaches 
that this increase in antioxidant enzymes was the consequence of enhanced expression 
of DET-2 genes that improve the resistance capabilities to oxidative stress in 
Arabidopsis. Similarly BRs modified antioxidant enzyme activities in Brassicajucnea 
under salinity (Ali et ai, 2007 a), Cicer arietinum and Vigna radiata under heavy 
metal stress (Hasan et al, 2008; Ali et al, 2008 a) had also been reported earlier. 
It is quite evident from our earlier discussion that most of the parameters studied 
responded negatively to the cadmium treatment. Moreover, the fruits homed on the 
cadmium fed plants possessed lower lycopene and p-carotene contents. The possible 
reason that may simplify the cause behind this reduction is that it is a recognized fact 
that cadmium decreased chlorophyll pigments (carotenoids) (Ekmekci et al, 2008) by 
declining the synthesis of 8-aminolavulinic acid and protochlorophyllide reductase 
complex (Stobort et al, 1985).It is also evident from the present study (Table 8, 24, 
36, 48, 58 and 70) that lycopene and p-carotene was decreased. Thus it may be 
hypothesized that a similar mechanism might have got involved in the decrease of 
lycopene and P-carotene. However, BRs significantly increased the level of lycopene 
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and P-carotene in the fruits (Table 31,43, 65 and 77). Unlike lycopene and p-carotene 
the BRs significantly decreased the ascorbic acid content in the fruits. Similar loss in 
ascorbic acid contents by BRs has also been reported earlier in tomato (Vardhini and 
Rao, 2002; Ali et ah, 2006). In a natural course, the fruit ripening is associated with 
the speeding up of the degradation of photosynthetic membranes (thylakoid 
membrane) and chlorophyll pigments but carotenoids, including lycopene and p-
carotene accumulate (Grierson et al., 1987). Moreover, additional synthesis of 
carotenoids, during ripening, is also associated with the gene expression, activated by 
ethylene production, a ripening process (Fray and Grierson, 1993; Gray et al, 1994; 
Ronen et al, 1999; Lois et al, 2000; Giovannow, 2001). Therefore, it seems plausible 
that the observed increase in lycopene and p-carotene pigments is ethylene mediated, 
since BRs induce ethylene production is well recognized. It is also well established 
that BRs stimulate ethylene biosynthesis by acting between S-adenosylmethionine 
and 1-amino-cyclopropane-l-carboxylic acid (Scholagnhaufer et al, 1984; Khripach 
era/., 1999). 
A decrease in the number of fruits and fruit yield per plant in the plants, treated 
with cadmium, is possibly the fall out of the poor growth and slower rate of 
photosynthesis (Tables 1-7, 9, 21-25, 33-37, 45-49, 55-59, 67-71). This is fiirther 
supported by a significant correlation between root dry mass and fruit yield as well as 
shoot dry mass and fruit yield (Figs 5-12). However, treatment with BRs alone or as a 
follow-up treatment with cadmium significantly improved the yield attributes. In a 
natural course, the fruit bearing capacity of the plants is mainly determined by the 
density of the flowers retained to sets fruits, BRs slow down the process of 
senescence before and/or after pollination (Zhao et al, 1987; Sugiyama and Kuraishi, 
1989; Iwahori et al, 1990), therefore, in our observations the BRs treated plants 
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beared lerger number of fruits (Table 32, 44, 66 and 78). Similarly, a synthetic BL 
analogue (TS 303) improved the fruit setting in tomato (Kamuro and Takatsuto, 
1999). Moreover, the slower rate of senescence allowed the attachment of the leaves 
to the mother body for a longer duration with an elevated level of photosynthesis 
(Hayat et ah, 2000, 2001a, b; Yu et ai, 2004) and translocation of photosynthates to 
the sink (Fujii et ai, 1991; Petzold et ai, 1992; Fujii and Saka, 2001). Ali et al. 
(2006) have also reached to a similar conclusion in tomato. 
CONCLUSION 
The present study reveals that -
1. All the varieties of the tomato {Lycopersicon esculentum) differ widely in their 
ability to tolerate the stress generated by varied concentrations of cadmium, 
applied either through seed soaking or through soil. 
2. Out of the tested concentrations of cadmium (50, 100 or 150 |iM soaked in 4, 
8 or 12 h), the highest concentration of metal i.e. 150 ^M and longest duration 
of soaking i.e. 12 h was found to be most toxic. 
3. Out of the different soil applied concentrations of metal (3, 6, 9 or 12 mg kg"' 
soil), 12 mg kg'' soil generate maximum toxicity. 
4. Out of the two BR analogues used in the study (HBL/EBL), EBL excelled in 
its effect. 
5. Out of the two modes of application of hormone (Foliar application/root 
dipping), root dipping proved better than that fed to the foliage. 
6. All the morphological and photosynthetic parameters increased significantly 
on being treated with either of the BR analogues over their control plants, 
irrespective of mode of their application. 
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7. All the morphological and photosynthetic parameters decreased significantly 
with the increasing concentration of cadmium, applied either through seed 
soaking or through the soil. 
8. Toxic effects generated by the lower concentration of the cadmium were 
completely overcome by the application of either of the BR analogues where 
EBL generate better response than HBL. 
9. Activity of the enzymes (nitrate reductase and carbonic anhydrase) and all the 
photosynthetic attributes, increased by the application of either of the BR 
analogues, alone or as a follow up treatment to the cadmiimi fed plants, 
irrespective of mode of application. 
10. Antioxidant enzymes (catalase, peroxidase and superoxide dismutase) and 
proline content increased in response to metal and/or hormone. Moreover, the 
follow-up treatment of the cadmium treated plants with BRs had an additive 
effect. 
11. The yield of the plants was significantly decreased by the cadmium treatment, 
irrespective of mode of application. 
12. The yield of the plants was significantly increased by the hormone treatment 
where the application of hormone through root dipping was more effective 
than foliar spray. 
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SUMMARY 
This thesis is based on the following five chapters. 
Chapter 1, includes the significance of the problem entitled, "Effect of 
brassinosteroids on the cadmium induced changes in Lycopersicon esculentum". 
Chapter 2, represents a comprehensive review of the available literature, related 
with the above problem, pertaining to growth, metabolism, and yield characteristics of 
the plants. 
Chapter 3, explains the details of the materials and methods employed in 
conducting the experiments and chemical analysis of the biological material. 
Chapter 4, is comprised of the tabulated data, recorded during this study, and its 
brief description. 
Chapter 5, deals with the possible explanations for the observations, in the light 
of the earlier findings. 
The salient features of the observations, recorded in each of the six experiments, 
are summarized below : 
Experiment 1 
The surface sterilized seeds of tomato {Lycopersicon esculentum) varieties 
K-25, K-21, NTS-9, Kaveri, NBR-Uday, Swarnodya, Sarvodya, NBR-Uttam, Malti, 
and S-22 were soaked in double distilled water (DDW), 50, 100 or 150 ^M CdCb for 
0, 4, 8 or 12 hours. The treated seeds were sown in earthen pots filled with sandy 
loam soil and farmyard manure mixed in a rafio of 9:1 to create the nursery. Twenty 
days after sowing (DAS) these treated seedlings were subsequently transplanted to the 
maintained pots. The plant samples were collected at 30 DAS to assess growth, 
photosynthetic attributes, SPAD chlorophyll, leaf water potential, activity of nitrate 
reductase and carbonic anhydrase, proline content and antioxidant enzymes. All the 
varieties exhibited significantly different response to the different metal concentration 
as well as duration of soaking. The variety S-22 could not survive in the presence of 
any of the concentration of metal. The varieties Sarvodya, NBR-Uttam, and Maiti 
suffered a severe damage. The varieties Kaveri, NBR-Uday and Swarnodya were 
moderately affected by the cadmium and could not resist the pre-sowing soaking in 
150 ^M of CdCl2 for 12 hours. The varieties K-25, K-21 and NTS-9 showed the 
maximum resistance to cadmium. All the above parameters except antioxidant 
enzymes and proline content, showed significant decrease in response to the cadmium 
treatment. However, cadmium treatment resulted in a significant increase in the 
antioxidant enzymes and proline content, their values increased with the increasing 
concentration of metal as well as duration of soaking. 
Experiment 2 
The surface sterilized seeds of tomato (Lycopersicon esculentum) varieties K-25 
(resistant) and Sarvodya (sensitive) were soaked in DDW or 100 |iM CdCh for 0 or 8 
hours that were selected on the basis of the first experiment. The treated seeds were 
sown in earthen pots filled with sandy loam soil and farmyard manure mixed in a ratio 
of 9:1 to create the nursery. At 20 DAS these treated seedling were subsequently 
transplanted to the maintained pots. The foliage of fifty nine day old plants was 
sprayed with DDW/aqueous solution of 10"^  M of 28-homobrassinolide (HBL) or 24-
epibrassinolide (EEL). The samples were collected at 60 and 90 DAS. The parameters 
studied were the same as in Experiment 1. The rest of the plants were allowed to grow 
to maturity and were harvested at 180 DAS to study the number of fruits per plants, 
fruit yield per plant and lycopene, p-carotene and ascorbic acid content in fruit. Both 
the varieties showed significantly different response to the treatment. All the 
120 
parameters studied increased as the growth progressed from 60 to 90 DAS. The values 
for most of the parameters decreased in the plants given pre sowing seed soaking in 
cadmium, except that of activity of antioxidative enzymes and proline content at the 
level of leaf and ascorbic acid content of fruit. The foUowup treatment of either of the 
brassinosteroid analogues (HBL/EBL) significantly neutralized the ill effect of 
cadmium in both the varieties but more effectively in K-25 than in Sarvodya. The 
level of proline and the activity of antioxidative enzymes increased in response to 
both metal as well as hormone treatment. The variety K-25 showed higher 
antioxidative enzyme activity and proline content than Sarvodya representing its 
resistant nature. Out of the two brassinosteroid analogues (HBL/EBL), EBL was more 
effective than HBL. 
Experiment 3 
The surface sterilized seeds of tomato {Lycopersicon esculentum) variety K-25 
(resistant) and Sarvodya (sensitive) were soaked in DDW or 100 |a,M CdCli for 0 or 8 
h that were selected on the basis of first experiment. These treated seeds were sown in 
earthen pots filled with sandy loam soil or farmyard mixed in a ratio of 9:1 to create 
the nursery. At 20 DAS these treated seedling were percolated with DDW or 10' M of 
HBL or EBL through their roots for 15 min at the time of their transplantation at a 
rate of 20 cm^ per seedling. These treated seedlings were subsequently transplanted to 
the maintained pots. The samples were collected at 60, 90 and 180 DAS to asses the 
parameters studied in experiment 2. The plants obtained from the seeds given pre 
sowing seed soaking treatment in cadmium possessed significantly reduced growth, 
net photosynthetic rate, stomatal conductance, water use efficiency, internal CO2 
concentration, transpiration rate, leaf water potential, SPAD chlorophyll value, 
activity of nitrate reductase and carbonic anhydrase enzyme. The degree of damage 
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caused by metal was more pronounced at the early stage of growth (60 DAS) than at 
later stage. The dipping of root in hormone effectively neutralized the adverse effect 
of metal in stressed plants. Variety K-25 was found to be more responsive towards 
hormone than Sarvodya. The activity of antioxidants and the content of proline were 
significantly higher in the leaves of stressed plants of both the varieties and the follow 
up treatment with HBL/EBL increased it further. EBL excelled in its effect over HBL. 
All the yield attributes i.e. number of fruits per plant, fruit yield per plant and the 
lycopene and p-carotene content in the fruits exhibited a similar response as that of 
growth. However, ascorbic acid content of fruit exhibited a trend which was converse 
to that of all other parameters explained earlier. 
Experiment 4 
The surface sterilized seeds of tomato (Lycopersicon esculentum) varieties K-
25, K-21, NTS-9, Kaveri, NBR-Uday, Swamodya, Sarvodya, NBR-Uttam, Malti and 
S-22 were sown in earthen pots containing 0, 3, 6, 9 or 12 mg CdCb kg'' soil. These 
earthen pots were filled with sandy loam soil and farmyard manure mixed in a ratio of 
9:1 to create the nursery. At 20 DAS these treated seedling were subsequently 
transplanted to the maintained pots. The plant samples were collected at 30 DAS. The 
parameters studied were the same as in Experiment 1. All the varieties showed 
significantly different response to different concentrations of metal. The varieties K-
25, K-21 and NTS-9 exhibited minimum decrease in response to different Cadmium 
levels. The highest level 12 mg kg"' was the most toxic. The varieties K-25, K-21 and 
NTS-9 show slightly resistance against higher level of metal. The varieties Kaveri, 
NBR-Uday and Swamodya were moderately affected by this level of the metal. 
However, Sarvodya experienced severe damage at this level. Among others, NBR-
Uttam and Malti could not germinate. Moreover, S-22 was most sensitive against 
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metal stress and could not survive in the soil amended with 6 mg kg\ All the 
parameters except antioxidant enzymatic activity and proline content in all the 
varieties showed a linear decrease as the level of the metal in the soil increased (3, 6, 
9 or 12 mg kg"' soil). Among all the varieties, K-25 possessed maximum antioxidative 
enzyme activity and that of proline content at all the level of metal contamination and 
Sarvodya possessed minimum values for these parameters representing its sensitive 
nature towards the metal stress. 
Experiment 5 
The surface sterilized seeds of tomato (Lycopersicon esculentum) varieties K-25 
(resistant) and Sarvodya (sensitive) were selected on the basis of fourth experiment 
were sown in earthen pots containing 0, 3, 6, 9 or 12 mg CdCl2 kg" soil. These 
earthen pots were filled with sandy loam soil and farmyard manure mixed in a ratio of 
9:1 to create the nursery. At 20 DAS the treated seedling were subsequently 
transplanted to the maintained pots. The foliage of fifty nine day old plants was 
sprayed with DDW/aqueous solution of lO'^ M of 28-homobrassinolide (HBL) and 24-
epibrassinolide (EBL). The plant samples were collected at 60, 90 and 180 DAS to 
study the characteristics studied in experiment 2. All the parameters of both the 
varieties (K-25 and Sarvodya) increased with the progress of the plant age. The 
treatment with cadmium generated a decline in the values of most of the parameters in 
proportion to the concentration of metal except those of proline content and 
antioxidative enzymatic activity at the level of leaves, and ascorbic acid content in 
fruit. Sarvodya experienced comparatively greater damage at all the metal 
concentration than K-25. However, the treatment with HBL or EBL alone or as a 
follow up treatment improved these attributes in the plants of both the varieties and 
also neutralized the damaging effect of the metal, more effectively in K-25 than 
123 
Sarvodya. The damage caused by the lower two concentration of metal (3 and 6 mg 
kg"' soil) in most of the parameters was completely neutralized by the brassinosteroids 
spray in K-25 and partially in Sarvodya. The activity of antioxidants and proline 
content in both the varieties increased with the increased level of metal in soil and the 
follow-up treatment with either of the brassinosteroid analogues had an additive effect 
in their enhancement. Variety K-25 possessed higher values for these attributes in 
response to all the treatment than Sarvodya. EBL was a better promoter than HBL. 
Experiment 6 
The surface sterilized seeds of tomato {Lycopersicon esculentum) varieties K-25 
(resistant) and Sarvodya (sensitive) were sown in earthen pots containing 0, 3, 6, 9 or 
12 mg kg"' soil. These earthen pots were filled with sandy loam soil and farmyard 
manure mixed in a ratio of 9:1 to create the nursery. At 20 DAS the treated seedling 
were percolated with DDW or 10"*M of HBL or EBL through their roots for 15 min at 
the time of their transplantation at a rate of 20 cm^ per seedlings. These treated 
seedlings were subsequently transplanted to the maintained pots. The samples were 
collected at 60, 90 and 180 DAS to study the characteristics studied in experiment 2. 
The plants raised in the soil contaminated with metal showed significant reduction in 
most of the parameter studied except antioxidative enzyme activity and proline 
content, the decrease was proportionate to the concentration of metal in the soil. The 
degree of damage caused by the metal was more pronoimced at the early stage of 
growth than at the later stage. The dipping of roots in either of the brassinosteroid 
analogues effectively nullified ill effect of the metal more effectively in K-25 than in 
Sarvodya. Stress generated by the lowest level of metal was completely neutralized by 
the hormone treatment but partially at highest level. The seedling of the plants grown 
in metal amended soil showed significant increase in the activity of antioxidant 
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enzymes and proline content at the same rate as the concentration of the metal in the 
soil increased. However, the application of HBL or EBL caused further increase in its 
activity, and thus plants received the highest metal level and also received hormone 
treatment possessed maximum values for these attributes in both the varieties. K-25 
possessed greater values than Sarvodya in response to all the treatments. EBL 
generate better response than HBL. 
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APPENDIX 
PREPARATION OF REAGENTS 
The various chemicals/reagents used for biochemical analyses was prepared 
by adopting the following procedures. 
1. Reagents for the estimation of carbonic anhydrase activity 
1.1 Cystein hydrochloride solution (0.2 M) 
4.8 g cystein hydrochloride was dissolved in sufficient quantities of double 
distilled water (DDW) and final volume was made upto the 100 cml 
1.2 Phosphate buffer (pH 6.8) 
(a) 2.78 g sodium dihydrogen orthophosphate was dissolved in sufficient 
quantities of DDW and the final volume was made upto 100 cm''. 
(b) 5.36 g disodium hydrogen orthophosphate was dissolved in sufficient 
quantities of DDW and the final volume was made upto 100 cm . 
(c) 51 cm of solution (a) and 49 cm of solution (b) was mixed and final 
volume was made upto 100 cm . 
1.3 0.2 M sodium bicarbonate solution in 0.02 M sodium hydroxide solution 
16.5 g sodium bicarbonate was dissolved in aqueous sodium hydroxide 
solution (0.8 g NaOH/I) and final volume was made upto 1000 cm^ v^th sodium 
hydroxide solution. 
1.4 Bromothymol blue (0.002%) 
0.002 g bromothymol blue was dissolved in sufficient quantities of ethanol 
and the final volume was made upto 100 cml 
1.5 Hydrochloric acid (0.01 N) 
0.86 cm^ pure hydrochloric acid was added insufficient DDW and final 
volume was made upto 1000 cm . 
1.6 Methyl red indicator 
A pinch of methyl red was dissolved in sufficient ethanol and final volume 
was made 100 cm'^  by using DDW. 
2. Reagent for the estimation of nitrate reductase activity 
2.1 Phosphate buffer (0.1 M) (pH 7.5) 
(a) 27.2 g of potassium dihydrogen orthophosphate was dissolved in sufficient 
quantities of DDW and the final volume was made upto 100 cm^. 
(b) 4.56 g of dipotassium hydrogen orthophosphate was dissolved in sufficient 
quantities of DDW and the final volume was made upto 100 cm .^ 
(c) 16 cm^ of solution (a) and 84 cm^ of solution (b) was mixed and final 
volume was made upto 100 cm .^ 
2.2 Potassium nitrate (0.2 M) 
2.02 g of potassium nitrate was dissolved in sufficient DDW and final 
volume was made upto 100 cm^ using DDW. 
2.3 Isopropanal (5%) 
5 cm of isopropanol was pipetted into sufficient DDW and final volume 
was made up 100 cm , using DDW. 
2.4 Sulphanilamide(l%) 
1 g of sulphanilamide was dissolved in 100 cm^ of 3N HCl. 3N HCl was 
prepared by dissolving 25.86 cm^ of HCl in sufficient DDW and final volume 
was maintained to 100 cm , by using DDW. 
2.5 N-1-napthyI ethylene diamine dihydrochloride (NED-HCI) (0.02%) 
20 mg of NED-HCI was dissolved in sufficient DDW and final volume 
was made upto 100 cm , by using DDW. 
3. Reagent for the estimation of peroxidase activity 
3.1 Phosphate buffer (50 mM) (pH 7.8) 
(a) 1.56 g of sodium dihydrogen orthophosphate was dissolved in sufficient 
quantities of DDW and the final volume was made upto 100 cm . 
(b) 1.78 g of disodium hydrogen orthophosphate (Na2HP04) was dissolved in 
sufficient quantities of DDW and the final volume was made upto 100 
cm .^ 
(c) 8.5 cm of solution (a) and 91.5 cm of solution (b) was mixed and final 
volume was made upto 100 cm''. 
3.2 Pyrogallol phosphate buffer 
It was prepared by mixing 25 ml of pyrogallol in 75 ml phosphate buffer 
(pH 6). 
4. Reagent for the estimation of catalase 
4.1 Phosphate buffer (0.1 M) (pH 6.8) 
(a) 3.12 g of sodium dihydrogen orthophosphate was dissolved in sufficient 
quantities of DDW and the final volume was made uto 100 cm .^ 
(b) 3.54 g of disodium hydrogen orthophosphate was dissolved in sufficient 
quantities of DDW and the final volume was made upto 100 cm .^ 
(c) 51 cm^ of solution (a) and 49 cm^ of solution (b) was mixed and final 
volume was made upto 100 cm^ 
4.2 Hydrogen peroxide (H2O2) (0.1 M) 
0.34 cm^ of H2O2 was added to 100 cm^ of DDW. 
4.3 Sulphuric acid (H2SO4) (2%) 
2 cm^ of H2SO4 was added to 98 cm^ of DDW. 
4.4 Potassium permanganate (KMn04) (O.IN) 
This was made by dissolving 0.162 g of KMn04 in 500 cm^ of DDW. 
5. Reagent for the estimation of superoxide dismutase activity 
5.1 Phosphate buffer (50 mM) (pH 7.8) 
(a) 1.56 g of sodium dihydrogen orthophosphate was dissolved in sufficient 
quantities of DDW and the final volume was made upto 100 cm . 
(b) 1.78 g of disodium hydrogen orthophosphate was dissolved in sufficient 
quantities of DDW and the final volume was made upto 100 cm . 
(c) 8.5 cm^ of solution (a) and 91.5 cm^ of solution (b) was mixed and final 
volume was made upto 100 cm . 
5.2 Methionine (13 mM) 
It was prepared by dissolving 0.193 g of methionine in 100 cm-'of DDW. 
5.3 Nitro-blue-tetrazelium (NBT) (75 |iM) 
6.13 mg of NBT was dissolved in 100 cm^ of DDW. 
5.4 Riboflavin (2 M) 
0.732 mg of riboflavin was dissolved in 100 cm^ of DDW. 
5.5 EDTA (0.1 M) 
2.92 g EDTA was dissolved in 100 cm^ of DDW. 
6. Reagent for the estimation of proline 
6.1 Sulphosalisylic acid (3%) 
3 g of sulphaosalicylic acid was dissolved in sufficient DDW and final 
volume was maintained 100 cm^ by using DDW. 
6.2 Acid ninhydrin solution 
1.25 g of ninhydrin was dissolved in a mixture of warm, 30 cm^ of glacial 
acetic acid and 6 M phosphoric acid (pH 1.0) with agitation till it got dissolved. 
It was stored at 4°C and used within 24 h. 
The 6M phosphoric acid was prepared by mixing 11.8 cm of phosphoric 
acid with 8.2 cm^ of DDW. 
7. Reagents for the estimation of lycopene 
7.1 Sodium sulphate (5%) 
5 g of sodium sulphate was dissolved in sufficient DDW and final volume 
was maintained to 100 cm , by using DDW. 
8. Reagent for the estimation of ascorbic acid 
8.1 Oxalic acid (4%) 
5 g of oxalic acid was dissolved in sufficient DDW and final volume was 
maintained to 100 cm^ by using DDW. 
8.2 Dye solution 
42 mg of sodium bicarbonate was dissolved in sufficient DDW, add 52 mg 
2,6-dichloro phenol indophenol in it and make up the final volume 200 cm by 
using DDW. 
IV 
8.3 Stock standard solution 
100 mg of ascorbic acid was dissolved in 100 cm^ of 4% oxalic acid 
solution. 
8.4 Working standard 
Dilute 10 cm^ 
concentration of the working standard is 100 mg/cm 
of the stock solution to 100 cm^ with 4% oxalic acid. The 
V 
